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(54) METHODS FOR PREVEmiNG, INHIBITING OR TREATING GRAFT REJECTION REACTIONS 
IN GRAFT-VERSUS-HOST DISEASE (GVHD) AND ORGAN TRANSPLANTATION 



(57) The present invention provides remedies for 
graft-versus-host disease (GVHD) ard graft rejection 
reactions in organ transplantation which comprise retin- 
oic acid receptor (RAR) agonists as an active ingredi- 
ent. Main examples thereof include 9-(4-methoxy-2.3,6- 
trimethylphenyl)-7.8-dimethylnona-2,4,6.8-tetraen-1- 
oic acid. 4-[(E)-2-(5,6.7,8-tetrahydro-5.5,8,8-tetrameth- 
ylnaphthalen-2-yl)propenyl]benzoic ackJ, 4-{2-[5-(4,7- 
dimethylben2offuran-2-yt)pyrroylI)benzoic acid, 4-{2-[5- 
(5-chloro-7-ethylbenzofuran-2-yl)pyn'olylI}benzoic add 
and 4-{2-[5-(4,7-dimethyIbenzothiophen-2-yOpyrro- 
lyl]}benzoic acid. 
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Description 

Background of the invention 
5 Reld of the Invention: 

[0001] The present invention relates to methods for preventing, inhibiting or treating graft-versus-host disease 
(GVHD) and graft rejection reactions in organ transplantation. 

10 Prior Art: 

[0002] In tx>ne marrow transplantation or blood transfusion, or organ transplantation from a donor to a recipient having 
no histocompatibility with the donor, the donor's lymphocytes migrate into the recipient If the recipient cannot reject the 
donor's lymphocytes, the donor's lymphocytes take and proliferate in the recipient's body. Then the lymphocytes attack 

75 tissues with the guidance of antigens carried exclusively by the recipient thus inducing disorders. 

[0003] In 1959. Mathe et al. reported for the first time graft-versus-host disease (GVHD) in a leukemic patient after 
having bone man-ow transplantation. The major symptoms of GVHD include frequent fever, anthema, diarrhea, vomitu- 
rition, anorexia, abdominal pain and hepatopathy. GVHD breaks out in patients having non-autogenous myeloma cells 
and induces in some cases lethal diseases such as systemic erythroderma or hepatic insufficiency. When an immuno- 

20 deficient patient has the transplantation of an organ which is rich in immunocompetent cells, there arises a high risk of 
the onset of graft-versus-host reactions. Therefore, it is an important problem to prevent and treat GVHD in infants or 
chikJren who suffer from primary immunodeficiency and are going to have bone marrow transplantation for reconstruct- 
ing the immune system or patients who are going to have bone marrow transplantation for treating malignant diseases. 
[0004] Bone man^ow transplantation is a therapeutic which comprises breaking a host's hemic system and transptant- 

25 ing the bone marrow, i.e. , a mass of cells serving as the basis of the hemic system of a healthy donor to the host so as 
to reconstruct in the host's body a hemic system originating in the donor. Essential factors for the success in marrow 
transplantation include the take of a graft, the regulation of graft-versus-host reactions and the immunological recon- 
struction. About one week after the bone marrow transplantation, the leukocyte coum of the host attains the minimum 
level and thus the host is liable to suffer from bacterial or fungal infection. Acute GVHD frequently breaks out at this 

30 stage. To prevent GVHD, it is a practice to give an immunosuppressant cydosporin A (CsA) optionally together with, for 
a short period of time, methotrexate (MTX). At the onset of acute GVHD. prednisolone and cyclosporin A are adminis- 
tered. The treatment of acute GVHD with the use of these drugs is restricted due to the side effects thereof, for example, 
hypertension, renal function disorder and an increase in tiie recun-ence rate of leukemia. Namely, it is believed that 
cyclosporin A relates to the onset of nephrotoxicity, bone marrow depression, hypertension. henrK)lytic-uremjc syn- 

35 drome, hyperglycemia, shock, hypomagnesemia. and, in particular, atherosclerosis in heart transplantation. Also, it is 
known that prednisolone relates to induced infectious diseases, peptic ulcer, etc.. while methotrexate relates to bone 
marrow depression, hepatic/renal function disorder, mucosal disorder, psychoneurosis, interstitial pneumonia, pulmo- 
nary fbrosis, etc. 

[0005] On tiie otiier hand, chronic GVHD breaks out 70 to 400 days after transplantation. It is classified into three 
40 types of 1) progressive onset following acute GVHD, 2) quiescent occumng once acute GVHD disappears, and 3) de 
novo newly occurring without tiie onset of acute GVHD. Compared with acute GVHD, chronic GVHD causes organ 
derangement over a broad range and thus induces the appearance of autoantibodies in many cases. Although it has 
been a practice to administer cyclosporin A and prednisolone to treat chronic GVHD, which is known to be observed in 
30 to 60 % of patients witii bone marrow transplantation, no satisfactory effect can be achieved thereby 
45 [0006] Under these circumstances, it has been urgentiy required to develop remedies for GVHD which are highly effi- 
cacious against acute GVHD and chronic GVHD and have a high safety. 

[0007] The first case of organ transplantation was renal transplantation effected in 1950*s. About 30 renal tiansptan- 
tations were performed in USA. France, etc. till 1960. In those days, exposure of patients to radiation was tiie only 
method for inhibiting the graft rejection reactions (immune suppression). Thus, the rejection reactions couM not be con- 

50 trolled well, which made it inpossible to successfully perform the transplantation. The only successful case of renal 
transplantation was one effected between identical twins where no rejection reaction arosa Sut)sequently there have 
been developed immunosuppressants such as azathioprine, prednisolone, cydosporin A, metiiotrexate and tacrolimus 
(FK 506). In organ transplantation, in particular, the appearance of cyclosporin A results in a remarkable increase in tiie 
ratio of successful transplantations. However, the long-term administration of the immunosuppressants brings about 

55 various side effects and complications, which makes the postoperative QOL not always favorable. It is reported that tiie 
side effects of azathioprine tndude bone manrow depression, hepatic disorder, pancreatitis, digestive tract symptoms, 
cardiopalmus and respiratory disorder, while those of tacrolimus (FX 506) indude renal function disorder, shock, eleva- 
tion of blood pressure, heart failure, pancreatitis, hemolytic-uremic syndrome, thrombotic thronri)openia, purpura and 
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hyperglycemia. Alsa prednisolone, cyclosporin A and methotrexate exhibit similar side effects as those described 
above. 

* [0008] Retinoic acid plays important roles in the growth and retention of functions in animals, for exanrple. specifically 
regulating the differentiation and proliferation of cells and participating in the morphogenesis of vertebrates. Concerning 

5 these physiological functions, retinoic add has attracted public attention as a carcinostatic or a specific remedy for pro- 
liferative skin diseases (psoriasis, keratosis, etc.). Thus, there have been synthesized a number of retinoic add analogs. 
Recently, there has been pointed out the presence of more than one retinoic add receptor subtype, though the physio- 
logical meaning thereof has never been clarified so far (The Retinoids. 2nd ed.. Raven Press, Ltd., New Vbrk. 1994. 
Sporn, M.B.. Roberts. A.B.. Goodman. D.S.). 

10 [0009] On the other hand, it has been Known tor a long time that vitamin A dosely relates to the immune system. It 
has been freqMentty reported that retinoic add, which is an oxidative metabdite of vitamin A« would exert a suppressive 
effed on the invnune system. For example. Brinckerhoff et al. reported that secondary inflammation in rat adjuvant 
arthritis was significantly suppressed by administering 13-ds-retinolc ackJ (Sdence 221 , 756. 1983.). Recently. Kuwa- 
bam et al. reported that rat collagen arthritis was significantly ameliorated and the blood anticdiagen antibody titer was 

IS lowered by administering retinoic add receptor-a agonists (FEBS Letters, 378. 153. 1996.). 

[001 0] It has been disclosed hitherto that retinoic acid receptor agonists are usable in treating cancers such as leuke- 
mia, mammary cancer, prostatic cancer, lung cancer, esophageal and respiratory tract cancer, sMn cancer and t^ladder 
cancer, skin diseases such as psoriasis, keratosis, eczema, atopic dermatitis, acne and Darier's disease, autoimmune 
diseases such as rheumatokt arthritis and lupus erythematosus, inflammations in organs over a broad range such as 

20 chronic polyarthritis, spondylathritis and arthrosis deformans, and allergic or rheumatic immunological diseases, in US 
47031 10. JP-A-2-76862, JP-A-63-255277, JP-A-8-505359, etc. However, there has been no report suggesting that 
retinoic add receptor agonists are applicable to GVHD in bone marrow transplantation or retinoic acid receptor agonists 
inhibit graft rejection reactions in organ transplantation. 

25 Disclosure of the invention 

[001 1 ] Under these circumstances, the present inventors have conducted extensive studies on the immunosuppres- 
sive effects of retinoic acid receptor (RAR) agonists. As a result, they have found out that retinoic acid receptor (RAR) 
agonists as will be shown hereinbelow, in particular, RARa agonists have GVHD inhibitory effects and inhibit graft rejec- 
30 tion reactions in organ plantation, thus completing the present invention. 

[001 2] Accordingly, the present invention relates to methods for preventing. Inhibiting or treating graft-versus-host dis- 
ease or graft rejection reactions in organ transplantation by administering an efficadous amount of retinoic acid recep- 
tor (RAR) agonists to patients. 

[0013] The present invention further relates to the use of retindc acid receptor (RAR) agonists in the production of 
35 drugs for preventing, inhibiting or treating graft-versus-host disease or graft rejection reactions in organ transplantation. 
[0014] The present invention furthermore relates to drugs for preventing, inhibiting or treating graft-versus-host dis- 
ease or graft rejection readions in organ transplantation which contain retinoic add receptor (RAR) agonists as an 
active ingredient. 

40 1 ) Fused-ring cartxsxylic acid derivatives represented by the following fomiula (Q: 



50 wherein the rings L and M, which have been fused, are the same as or different from each other and represents an 
optionally substituted aromatic hydrocartx)n ring or an optionally sutsstituted heterocyde; the rings A ar^ B inde- 
pendently represent each an optionally substituted aromatic hydrocartson ring or a heterocyde; and D represents 
optionally protected cartxocy. 

2) Heterocyclic carboxyiic acid derivatives represented by the following formula (11): 

55 
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wherein to R^, R^® to R^® and R^° to R^ are the same as or different from each ether and represent hydro- 
gen, halogeno, a lower alkyi or an optionally substituted phenyl; and — represents either a single twnd or a 
double bond; 
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B represents an optionally substituted heteroarylene, an optionally sut>stituted arylene, a group represented by 
the formula -CONH- or a group represented by the fomuila -CR®eCR^- (wherein and R^ are the same as or 
different from each other and represent hydrogen, lower alkyi or halogeno): 

D represents an optionally substituted arylene, an optionally substituted heteroarylene or a grouip repre- 
sented by the formula -CR®=CR^- (wherein R® and R^ are each as defined above); 
n^ represents 0 or 1 ; and 

M represents hydroxy, lower aikoxy or a group represented by the formula -NR^^R^^ (wherein R^® and R""^ are 
the same as or different from each other and represent hydrogen, hydroxy, lower alkyl. hydroxyalkyl. aryl or het- 
eroaryl. or R^® and R^^ may fbnn a ring with the nitrogen atom to which they are bonded, and the ring may con- 
tain oxygen or sulfur. 

3) 4-[(5.6.7,8-Tetrahydro-5.5.8,8-tetramethylnaphthalen-2-yOpyrroly(]benzoic acad, 4-[(5,6,7.8-tetrahydro-5.5.8,8- 
tetramethylnaphthalen-2-yI)furanylIbenzoic add, 4-{(5.6.7,8-telrBi^ro-5,5,8,8-tetramethylnaphthalen-2- yl)thi- 
ophenyljbenzoic acid and 4-[(5,6,7,8-tetrHhydro-5.5,8.8-telramethylnapmhalen-2-yl)pyrazoly!Iben2oic acid dis- 
closed in JP-A 2-240058. 

4) 3,4-Dlhydro-2H-1 -benzopyranylpropenylbenzic acid derivatives. 3,4<iihydro-2H-1 -benzothiopyranytpropenyben- 
zoic acid derivatives. 1 .2.3.4-tetrahydroquinolinylpropenytben2oic acid derivatives, (3,4^ihydro-2H-1 -benzopyran- 
cartx)xamido)benzoic acid derivatives, (3.4-dihydro-2H-1-benzo1hiopyrancarlx)xamido)benzoic acid derivatives 
and (1.2,3.4-tetrahydroquinolinecarboxamido)benzoic acid derivatives disclosed in JP-A 2-76862. 

5) 3,4-Dihydro-2H-1-benzopyranylacetylene derivatives, 3,4-dihydro-2H-1-benzothiopyranylacetylene derivatives 
and 1 .2,3,4-tetrahydroquinolinylacelylene derivatives disclosed in JP-A 63-255277. 

6) Tetrahydronaphthylpropenylphenol derivatives disclosed in JP-A 62-267245. 

7) Phenylpolyene derivatives disclosed in JP-A 49-126637. 

8) All-trans-retinoic add. 

[001 5] Preferable exanples of the compounds according to the present invention include ail-trans-retinolc acid and 
the compounds represented by the following forrrwlae: 



w herein A, B, D. M and n^ are each as defined above. 

[001 6] Still preferable examples of the compounds of the present invention are as follows. 

1) 4-{2-[5-(5,8-Dimethylnaphthalen-2-yl)pyrrolyI]}benzoic add. 

2) 4-{2-[5-(8-Methylnaphthalen-2-yf)pyrrolylDbenzolc add. 

3) 4-{2-[5-(8-Ethytnaphthalen-2-yOpyrrolyli}benzoic add. 

4) 4-{2-[5-(8-lsoprof^naphthalen-2-yl)pyrrolyll}benzoic acid. 

5) 4-{2-[5-{8-Naphthalen-2-yl)pyrrolyl])benzoic add. 

6) 4-{2-[5-(8-Phenylnaphthalen-2-yOpyrrolyO}benzoic acid. 




w herein L, M, A, B and D are each as defined above; and 
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7) 4-{2-t5-(4,7-DimellTylbenzofuran-2-yORyrrolyl]}benzoic acid. 

8) 4-{2-[5-(4.7-Dichloroben20furan-2-yl)pyrrolyO}benzoic acid. 

9) 4-{2-[5-(5-Chloro-7-ethyIbeiT2ofuran-2-yl)pyfTOlyl]}benzoic add. 

10) 4-{2-[5-(4,7-Dimethylbenzothiophen-2-yl))pyrrolyO}ben2oic acid. 

1 1) 442-[5-(3-Fluroro-4 J<jimethyIbenzofuran-2-yl)pyrrolyl])benzoic acid. 

12) 4-{2-[5-(7-Ethyl-4-methylbenzofuran-2-yOpyrrolyI]}ben20ic acid. 

13) 442-[5-(7-Fluoro-4-trifluoromethylbenzofuran-2-yDpyrrolyO}benzoic acid. 

14) All-trans-retinoic acid. 



[001 7] The term "optionally substituted" as used iierein means optionally having 8ubstituent(s) selected from among, 
for example, hydroxy; thiol; nitro; cyano; halogeno such as fluorine, chlorine, bromine and iodine; lower alkyi such as 
methyl, ethyl, n-propyl and isopropyl; lower alkoxy such as methoxy, ethoxy, n-propoxy, isopropoxy and butoxy; haloalkyl 
such as f luoromethyl, difluoromethyt, trifluoromethyl and 2.2.2-trifluoroethyl; alkylthto such as methylthio. ethytthio and 
isopropylthio; acyl such as acetyl, propionyl and benzoyl; hydroxyalkyl such as hydroxymethyl, hydroxyethyt and hydrox- 
ypropyl; amino; monoalkylamino such as methylamino, ett^amino and isopropylamino; dialkytamino such as dimethyl- 
amino and diethylamino; carboxy; alkaxycartx)nyf such as methoxycarbonyl, ethoxycarbonyl and propoxycarbonyl; 
carbamoyl; alkylcart>ampyl such as methylcarbamoyi and dimethylcarbamoyi; acylamino such as acetylamino and ben- 
zoyiamino; sulfanrK)yl; alkylsulfonyl such as methylsulfonyl and ethytsulfonyl; optionally substituted arylsulfonyt such as 
benzenesuHonyl and p-toluenesuHbnyl; optionally substituted aryt such as phenyl, tolyl and anisoiyl; optionally substi- 
tuted heteroary] such as pyrrol, pyrazolyl, imidazolyl, triazolyl, tetrazolyl, thiazolyl, pyridyl, pyrimidyl and pyradinyl; car- 
boxyalkyl; alkyloxycarbonylalkyl such as methoxycarbonylmethyl, ethoxycartxjnylmethyl and methoxycarlaonylethyl; 
carboxyalkoxy such as carboxymethoxy; arylalkyi such as benzyl and 4-chlorobenzyl; heteroarylalkyi such as pyridyl- 
methyl and pyridylethyl; and alkylenedioxy such as methytenedioxy and ethytenedloxy. 
[0018] The term "aromatic hydrocarbon " means benzene, naphthalene, anthracene, etc. 
[0019] The term "heterocycle" means groups derived from a monocycle containing one to three heteroatoms of at 
least one type selected from the group consisting of sulfur, oxygen and nitrogen atoms. Examples thereof include pyr- 
role, thiophene, furan, thiazole, oxazole, isothiazole, isoxazole. imidazole, pyrazole, thiadiazole, oxadiazole, trtazole, 
pyridine, pyridazine, pyrimidine and pyrazine rings. 
[0020] The term "halogeno" means fluorine, chlorine, bromine and iodine. 

[0021] The term "lower alkyl" means linear or branched Cve a*kyl such as methyl, ethyl, n-propyl. n-butyl, isopropyl, 
isobutyl and n-hexyl. 

[0022] The term "heteroaryiene" means the heterocycle as cited above having two bonds directed outwards. 
[0023] Ttie term "arylene" means the aromatic hydrocartwn as cited above having two bonds directed outwards. 
[0024] The compounds represented by the formula (I) can be readily obtained by using methods commonly employed 
or combining these methods. Next, an exanple thereof will be described. 

[0025] The conpounds wherein the ring A is a pyrrole ring can be obtained by the following method. 
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(3) 
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(5) 

HiN-R 



25 



30 




(fi) 



(Step 1) 

[0026] An aldehyde (1) is reacted with an organometallic reagent In a conventlona) manner to give an aliyt alcohol (2). 
40 [0027] Examples of the organometallic reagent include Grignard reagents, organoltthlum reagents, organozinc rea- 
gents and organocopper complexes. As the reaction solvent, use may be made of an arbitrary one so long as it remains 
Inert during the reaction. Examples thereof include etheric solvents such as ether and telrahydrofuran. The reaction 
temperature may range from about - 78 "C to the boiling point of the solvent, preferably from - 78 to 20 **C. 

45 (Step 2) 

[0028] In this step, the allyl alcohol (2) obtained In the step 1 1s oxidized in a conventional manner to give a vinyl ketone 
(3). Although the oxidation may be effected by any conventional 

[0029] method, it is preferable to select a method with the use of an appropriate oxidizing agent. As the oxidizing 
so agent, use may be made of activated manganese dioxide, pyrldinium chtorochromate, pyridinium dichromate, Dess- 
Martin reagent Swern oxidizing agent, etc. As the reaction solvent use may be made of an arbitrary organic solvent so 
long as it remains inert during the reaction. Preferable exanrples thereof include dichloromethane, chlorofbrmandace- 
tone. TTie reaction temperature may range from about - 78 to the boiling point of the solvent, preferably from - 78 *'C 
to 20 »C. 

55 

(Step 3) 

[0030] In this step, the vinyl ketone (3) and aldehyde (4) obtained in the step 2 are treated by the method of Stetter 5 
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desaibed in Org. Synth. & 26 to give a diketone represented by the formula (5). 

[0031 ] Preferable results can be obtained by using a thiazdium salt catalyst in this reaction. In this step, it is preferable 
to use triethylamine. sodium acetate, etc. as a base. As the reaction solvent, use may be made of methanol, ethanol. 
N.N-dimethytformamide, etc. The reaction temperature may range from about 60 ""C to the boiling point of the solvent. 

(Step 4) 

[0032] In this step, the diketone (5) obtained in the step 3 is treated by a method commonly employed to give a pyrrole 
compound represented by the formula (6). 

[0033] The target compound (6) can be obtained by reacting the compound (5) with, for exairple, an ammonium salt 
such as ammonium acetate or a primary amina tn this step, use may be made of an alcoholic solvent such as methanol 
or ethanol. acetic acid. etc. as the reaction sotvent The reaction temperature may range from about 70 *>C to the boiling 
point of the solvent 

[0034] The pyrrole compound (6) obtained in the step 4 is hydrotyzed in a conventional manner to give a carboxylic 
acid. In this step, preferable resuKs can be obtained by using a base. Preferak^e results can be obtained by using as the 
base an aqueous solution of lithium hydroxide, sodium hydroxide, potassium hydroxide, etc. As the reaction solvent 
use may be preferably made of an alcoholic sotvent such as methanol or ethanol. or an etheric sotvent such as tetrahy- 
drofuran. The reaction temperature may preferably range from about 20 **C to the boiling point of the solvent. 
[0035] Processes for producing other compounds are disclosed in JP-A 9-71566. JP-A 2-240058. JP-A 2-76862 and 
JP-A 63-255277. 

[0036] The fact that the compounds represented by the formula (0 are retinoic acid receptor (RAR) agonists has been 
proved by performing a retinoic acid receptor (RAR) binding assay and recognizing the RAR-mediated transcriptional 
promotion activity. The compounds represented by the formula (II) are described in JP-A 9-71566. Some parts of other 
conpounds are described in The Retinoids. 2nd ed., 85-88 as cited above, G.Graupner, G. Malle et al.; Biochemical 
and Biophysical Research Communications, 172, 1554-1561 (1991), etc. 

Mode for Carrying Out the Inverttion: 

[0037] The compounds of the present invention are administered either orally or parenterally. The compounds accord- 
ing to the present invention can be administered in the forms of tablets, dusts, granules, capsules, syrups, troches, sup- 
positories, injections including drips, ointments, nasal drops, cataplasmas, lotions, etc. 

[0038] The administration dose thereof is not particulariy restricted and varies depending on the severity of the symp- 
toms, the age. sex, body weight and sensitivity of the patient, administration method, administration time, dosage 
schedule, the properties of the medicinal preparation and the active ingredient. In usual, about 1 to 2000 nig/day. pref- 
erably 1 to 1000 mg/day, of a compound is administered to an adult. It is a practice to administer the compound in one 
to several portions per day. In the case of an injection, the daily dose thereof isually ranges from about 1 to 1000 ^g/kg. 
preferably 1 to 300 iiQ^Q- 

Brief Description of the Drawings; 

[0039] 

Fig. 1 shows the effect of the compound A on acute GVHD. 
Rg. 2 shows the effect of the conpound A on chronic GVHD. 

Examples 

[0040] To illustrate the effects of the present invention, the following Examples wilt be given, though the present inven- 
tion is not restricted to these compounds. 

[0041] A graft-versus-host disease (GVHD) model experiment was effected in accordance with the method reported 
by Durei et at. (J. Clin. Invest. 94. 1333 1994.) 

[0042] As the indication of an acute GVHD model (1). use was made of the cytotoxic T cell activity of a donor on a 
host As the indication of a chronic GVHD model (2). use was made of the Wood antiDNA antibody titer. 
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Example 1 

Acute QVHD model: 

5 [0043] In the transplantation, BDF1 mice (H-2tVd) and C57BL/6N mice (H-2b) were employed respectively as the 
hosts and donors. 5 x lO^/nwuse of donors' spleen cells were transferred into the hosts via the tail vein. 4-{2-[5-(4,7- 
Dimethylbenzofuran-2-yl)pyrroly1]}benzoic acid (compound A) was suspended in a 0.5 ' ^ aqueous solution of methyl- 
cellulose and then orally administered to the hosts once a day from the first day of the cc : transfer to the day before the 
measurement of the cytotoxic T cell activity. The 0.5 % aqueous solution of methylcellulose alone was similarly admin- 

10 islered to the control group. 1 2 to 1 3days after the cell transfer, the spleen of each host animal was taken out and a sus- 
pension of the spleen cells to be used as effector cells was prepared. As the target cells, use was made of P-8l5(H-2d) 
which were cultured together with the effector cells for 4 hours. The cytotoxicity (%) was expressed as the percentage 
of ^^Cr liberated into the culture supernatant during this culture time to the total radioactivity. 
[0044] Fig. 1 shows the results. 

IS [0045] Thus. 4-{2-[5-(4.7-dimethytbenzofuran-2-yl)pynrolyl]}ben2oic add (compound A) strongly inhibited the induc- 
tion of the cytotoxic T cell activity dose-dependently from 0.1 mg/kg. 

Example 2 

20 Chronic GVHD: 

[0046] In the transplantation. BDF1 mice (H-2b/d) and DBA/2 mice (H-2d) were employed respectively as the hosts 
and donors. 5 x 10^/mouse of donors' spleen cells were transferred into the hosts via the tail vein. 4-{2-[5-(4,7-Dimeth- 
ylbenzofuran-2-yt)pyrroiyI]}benzoic add was dissolved in a 0.5 % aqueous solution of methylcellulose and then orally 

25 administered to the hosts once a day from the first day of the cell transfer to the day before the blood sampling. The 0.5 
% aqueous solution of methylcellulose alone was similarly administered to the control groiip. Two weeks after the cell 
transfer, the Wood of each host animal was sampled and the serum antiDNA antibody titer (IgQ dass) was measured 
by the ELISA method. 
[0047] Fig. 2 shows the results. 

30 [0048] Thus, 4-{2-[5-(4,7<limethylbenzofuran-2-yl)pyn'olyll}benzoic add strongly inhibited the serum antiDNA anti- 
body titer dose<Jependently from 0.3 mg/kg. 

Referential Example 1 

35 [0049] Retinoic acid receptor (RAR) binding assay and RAR-mediated transcriptional promotion activity of compound 
represented by formula (I): 



40 



45 



50 



55 



10 



EP0g30075A1 



Receptor binding assay 
[0050] 



Table 1 



Compound 


Receptor binding assay 
I C50 (nM) 


RAR- a 


RAR-0 


RAR-r 


^^^^^^^ 


1 4 




^tJUv 


CI ^^^CO,H 


\ n 
1. u 


f;nn 


^DUU 




0 


>>i;nn 


^DUU 


P 


n c 


1 n7 
lU 1 




^^^^^^^^^ 


<0. 5 


49 


225 




<0.5 


160 


270 




0.6 


56 


140 
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Transcriptional promotion activity 
[0051] 



Table 2 



Compound 


Transcriptional promotion activity 
Relative ED30* 
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0.39 


2.8 


31 




0.26 


24 


120 




0.21 


1.4 


19 
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[0052] First the transcriptional activity induced by 3 fiM of all-trans-retinoic add was taken as 100 % and the concen- 
tration showing 30 % activity (ED30) of each compound was calculated. Specific ED30 of each receptor was determined 
by taking the ED30 of all-trans-retinoic acid as 1 . 

[0053] The results clearly indicate that these compounds are retinoic acid receptor (RAR) agonists showing a partic- 
ularly high selectivity for the sut>type a. 

[0054] Next, Synthesis Examples of the compounds represented by the general formula (I) will be given, though the 
compounds of the present Invention are not restricted thereto. 

Synthesis Example 1 

A.{g-f4-(5.8-DimethvlnaDhthalen-2-vnDvrrolvmbenzQic add 

(A) 2-Acryloyl-5,8-dlmethylnaphthalene 

[0055] In a nitrogen atmosphere, of 5,8-dimethyttetralone (25 g) was dissolved in methanol (200 ml) and sodium boro- 
hydride (3.0 g) was added to the mixture at 0 *'C. After stimng at 0 "C for 30 min. a saturated aqueous solution of ammo- 
nium chloride and water were successively added to the mixture. The resulting precipitate was collected by filtration, 
washed with water and dried to give an alcohol (23.7 g). In a nitrogen atmosphere, the alcohol (23.7 g) was dissolved 
in N.N-dimethylformamide (60 ml) and phosphorus oxychloride (25 ml) was added dropwise to tiie mixture at 0 "C. After 
the completion of the addition, the reaction mixture was heated under stimng at 100 «C for 2 hr. Then it was cooled to 
room tenperalure by allowing to stand. Next, ice-water and sodium acetate (9 g) were added thereto followed by extrac- 
tion with hexane (200 ml x 4). The organic layers were combined, washed with brine and dried over anhydrous magne- 
sium sulfate. After filtering, the filtrate was concentrated to give an aldehyde (21 .3 g) as a crude product. 
[0056] In a nitrogen atmosphere, the obtained aldehyde (20.9 g) was dissolved in dioxane (300 ml). After adding 
dichlorodicyanobenzoquinone (50.9 g). the resultant mixture was heated under reflux for 1 .5 hr. Then, it was cooled to 
room temperature by allowing to stand followed by tiie addition of toluene (500 mO- The resulting precipitate was col- 
lected by filtration and washed with toluene several times. The filtrate was concentrated and the resulting crude product 
was purified by silica gel column chromatography to give 5.8-dimethyl-2-naphtaldehyde (10.3 g) as colorless crystals. 

^H-NfyiR(CDCl3. 400MHz) 8 ; 2.69(s,3H).2.76(s.3H), 7.31(d,1H,J=7.2Hz),7.37(d,1H.J=7.2Hz), 
7.99(dd.1H.J=1.6,8.8Hz).8.11(d,1H,J=8.4Hz), 8.51(d,1H,J=1.6Hz),10.2(s.1H) 

[0057] 5.8-Dimetiiyl-2-naphthaldehyde (3.7 g) was dissolved in ether (80 ml). Then a 1 .0 M solution (30 ml) of vinyl- 
magnesium bromide in tetrahydrofuran was added to the mixture at - 78 "C and the resultant mixture was slowly heated 
to - 30 "C. After quenching with a saturated aqueous solution of ammonium chloride, the mixture was exb^acted with 
ethyl acetate (100 ml x 2). The organic layers were combined, washed with brine and dried over anhydrous magnesium 
sulfate. After filtering, the filtrate was concentrated to give allyl alcohol (5.0 g) as a crude product. 
[0058] Then the allyl alcohol was dissolved in dichloromethane (30 ml). After adding activated manganese dioxide (30 
g), the resultant mixture was stirred at room temperature for 40 hr. Then it was filtered through celite and the filtrate was 
concentrated. The resulting product was purified by silica gel column chromatography to give the titie compound (1 .8 
g). At the same time, 1 .2 g of the starting material was recovered. 

lH-NMR(CDCl3,400MHz) 6 ;2.68(s.3H),2.74{s.3H), 6.00{dd.1H.J=1.6,10.4H2).6.50(dd,1H,J=1.6,172Hz). 7.27- 
7.39{m.3H) .8.08-8. 1 0(m,2H),8.64(s, 1 H) 

(B) Methyl 4-[4-(5,8-dimethylnaphthalen-2-yl)-4-oxobutanoyl]benzoate 
(Process 1) 

[0059] A mixture comprising 2-acryloyl-5,8-dimethylnaphthalene (1 .8 g), methyl terephthalaWehydate (1 .4 g), sodium 
acetate (0.23 g). 3-benzyt-5-(2-hydroxymethyO-4-methyithia2olium chloride (0.23 g) and ethanol (100 ml) was heated 
under reflux for 1 0 hr. The resulting crystals were filtered, washed witii ethanol and then dried to give the titie compound 
(1 .26 g) as colorless crystals. 

(Process 2) 

[0060] A mixture conprising 5,8Klimethyl-2-naphthaldehyde (1 .Og), methyl 4-acryloy!benzoate (1 .2 g), 3-benzyl-5-(2- 
hydroxymelhyl)-4-methylthlazolium cNoride (0.28 g), triethylamine (0.88 ml) and N,N-dimethylformamide (20 mO was 



13 



EP0930 075A1 

heated under stirring at 70 for 3 hr After cooling to room temperature by allowing to stand, water was added to the 
reaction mixture followed by extraction with ethyl acetate (20 ml x 3). The organic layers were combined, washed with 
brine and dried over anhydrous magnesium sulfate. After filtering, the filtrate was concentrated and the resulting crude 
crystals were washed with a solvent mixture of n-hexane and ethyl acetate to give the title compound (0.82 g) as color- 
5 less crystals. 

lH-NMR(CDC»3,400h/lHz) 6 ;2.68(s,H),2.75(s.3H). 3.54(t.2H,J=6.4Hz),3.66(t,2H,J«6.4Hz),3.96(s.3H), 
7.28(d.1 H.J=7.2Hz),7.33(d,1 H,J=7.2Hz).8.06-8.1 8(m.6H). 8.75(d,1 H,J=1 .6Hz) 

10 (C) Methyl 4-{2-[5.(5.8<llmethylnaphthalen-2-yl)pyrrolyll}benzoate 

[0061] A mixture of methyl 4-[4-(5.8-dimethylnaphthalen-2-yO-4-oxobutanoyObenzoate (0.5 g). ammonium acetate 
(2.0 g) and methanol (20 ml) was heated under reflux for 5 hr After cooling to room temperature by allowing to stand, 
yellow aystals were collected by filtration, washed with methanol and dried to give a methyl ester (0.47 g) as yellow 
IS crystals. 

1 H-NMR(CDCl3.400MHz) 5 ;2.67(s,3H),2.73(s,3H),3.93(s,3H). 

6.76(m,2H).7.18(d.1H,J=7.1H2).7.23{d.1H,J=7.1Hz), 7.63(d,2aJ=8.6Hz).7.74(dd,1H.J=1.6.9.2Hz),8.03- 
8.09(m.4H).8.84(s,1H) 

20 

(D) 4-{2-[5-(5.8-Dimethylnaphthalen-2-yl)pyrrolyf]}benzoic acid 

[0062] A mixture of the methyl ester (0.68 g). ethanol (40 ml) and a 5 N aqueous solution of sodium hydroxide (4 ml) 
was heated under reflux for 1 hr. To the resulting pale yellow suspension was added water followed by dissolution. Next. 
25 a 6 N hydrochloric add (about 3.5 ml) and water (40 ml) were added thereto. The resulting crystals were collected by 
filtration, washed with water and dried to give the title compound (0.52 g) as yellow crystals. 

iH.NMR(DMSO^6.400MH2) 6 ; 2-59(s.3H).2.69(s,3H),6.81(m.2H), 7.16(d,1H,J^7.1Hz),7.22(d.1H,J=7.1Hz).7.87- 
8.00(m.6H), 8.36(s,1H).11.6{s,1H) 

30 

Synthesis Example 2 

4-(2-f5-f5.7-Dimethvlnaphthalen-2-vnDvrrolvl] )benzQic add 

35 (A) 2-Acryloyl-5.7-dimethylnaphthalene 

[0063] The title compound was obtained by the same procedure as the one of Synthesis Example 1 (A). 

iH-NMR(CDCl3.400MHz) 5 ; 2.50(s.3H),2.68(s,3H). 5.97{dd,1H,J=1.6,10.8Hz).6.49(dd.1H,J=1.6,17,2Hz), 
40 7.29(s.1H),7.32(dd.1H.Jo10.8,17.2Hz)7.59(s,1H).8.00(m,2H),8.37(s.1H) 

(B) Methyl 4-[4-(5,7-dimethylnaphthalen-2-yl)-4-oxobutanoyllbenzoate 

[0064] The title compound was obtained by the same procedure as the one of Synthesis Example 1 (B) (Process 1). 

iH-NMR(CDCl3,400MHz) 6 ; 2.51 (s,3H).2.6(S,3H). 3.53(t.2H.J^.1Hz),3.63(t2H,J=6.1Hz),3.96(s,3H),7.30(s.1H). 
7.61 (S.1 H).8.01 (d.1 H.J=8.8Hz).8.03(dd.1 H.J=1 .6,8.8Hz), 8.12(d,2H,J=8.8Hz),8.15{d,2H.J«8.8Hz),8.48(s,1 H) 

(C) Methyl 4-{2-[5-(5.7-dimethylnaphthalen-2-yl)pyrrolyIDben2oate 

so 

[0065] The title conpound was obtained by the same procedure as the one of Synthesis Example 1 (C). 

iH-NMR(CDCl3,400MHz) 6 : 2.48(s.3H).2.67(s,3H),3.93(s,3H), 6.72- 

6.78(m,2H),7.1 4(s.1 H),7.49(S,1 H),7.62(d,2H.J=8-4Hz), 7.67(dd,1 H,J=1 .6.8.8Hz),7.85(d,1 H,J=1 .6Hz). 

55 7.97(d,1 H.J=8.8Hz).8.07(d.2H,J=8.4Hz).8.82(s.1 H) 
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(D) 4^2-[5-(5,7-DimethylnapmhaIen•2-yOpy^rolyl]}benzoic acid 

[0066] TTie title compound was obtained by the same procedure as the one of Synthesis Example 1 (D). 

iH-NMR(DMSO-d6.400MHz) 6 : 2.42(s,3H).2.60(s.3H),6.79{m.2H). 7.13{s.1H).7.48(s,1H).7.84. 
7.94(m.6H).8.21(8.1H).11.5(s.1H) Synthesis Examples 

4-f2-r5-f5.6.7.S-TetramethvlnaDhthalen-2-vnDvrrolvn!benzoicacid 

(A) 2-Acryloyl-5.67.8-tetFamethytnaphthalene 

[0067] The title compound was obtained by the same procedure as the one of Synthesis Example 1 (A). 

1 H-NMR(CDa3,400MHz) 6 : 2.45(S,3H).2.46(8.3H),2.65(s,3H), 2.70(s.3H).5,97(dd,1 H J=2.0.10.8Hz), 
6.50(dd.1H.J=1.6.17.2Hz).7.36(dd.1H,J=10.8,17.2H2). 7.98(dd.1H.J=1.6.a8Hz).8.11{d.1H.J«8.8Hz). 
8.71(d.1KJ=1.6Hz) 

(B) Methyl 4-[4-{5.6.7.8-tetramethyInaphthalen-2-yl)-4-oxobutanoyl]benzoate 

[0068] The title compound was obtained by the same procedure as the one of Synthesis Example 1 (B) (Process 1). 

iH-NMR(CDCl3,400MHz) 5 : 2.45(S.6H),2.64{s.3H),2,71(S.3H). 3.52{t.2H.J=6.2Hz).3.65{t.2H.J=6.2H2).3.96(S.3H), 
7.92-8.20{m.6H),8.80(S. 1 H) 

(C) Methyl 4-{2-[5-(5,6,7.8-tetramethylnaphthalen-2-yl)pyrTolyl]}benzoate 

[0069] The title compound was obtained by the same procedure as the one of Synthesis Example 1 (C). 

^H-NMR(CDCl3,400MHz) 6 ; 2.44(s,3H),2.45(s,3H).2.64(s,3H). 2.70(s,3H),3.93(s,3H),6.73(dd,1H.J=2.4,3.2Hz). 
6.77(dd.1 H,J=2.4.3.2Hz),7.61-7.67(m.3H).8.04-8.14(m.4H). 8.82(brs.1 H) 

(D) 4^2-I5-(5.6,7.8-Tetramethylnaphthalen-2•yl)pyr^olyf]lbenzoic acid 

[0070] The title compound was obtained by the same procedure as the one of Synthesis Example 1 (D). 

^H-NMR(DMSO-d6,400MHz) 5 ; 2.37{s,3H),2.38(s.3H).2.56(s,3H), 

2,67(s,3H),6.79(m,2H),7.83(dd.1H,J=1.2.8.8Hz), 7.89(d.2H,Jn8,0Hz),7,93(d.2H.J=8.0Hz).8.39(d,1H,J=1.2Hz), 
11.6(s,1H) 

Synthesis Example 4 

4-{i •[5-(7-Mgthoxy-9-Tnethyinaphthaien-g-yDpyrrglYnften^Qic acKi 

(A) Methyl 4-[4-(7-methaxy-8-methylnaphthalen-2-yl)-4-oxobutanoyl]benzoate 

[0071 ] The title compound was obtained by the same procedure as the one of Synthesis Example 1 (B) (Process 2) . 

1 H-NMR(CDCl3.400MHz) 5 ; 2.64(s,3H),3.53(t2H.J=6.0Hz), 3.65(t2H.J=6.0Hz).3.96(s.3H).3.98(s.3H). 
7.38(d.1 H.J=9.2Hz)7.76(d.1 H.J:=9.2Hz) J.85(d,1 H.Js8.8Hz), 7.93(dd.1 H^s1 .6,8.8Hz).8.12(d.2H.J=8.8Hz). 
8. 1 5{d.2H. J=8.8Hz).8.71 (m, 1 H) 

(B) Methyl 4-{2-[5-(7-m6thoKy-8-methylnaphthalen-2-yl)pyrroly1)}benzoate 

[0072] The title compound was obtained by the same procedure as the one of Synthesis Example 1 (C). 

^H-NMR(CDCl3,400MHz) 6 ; 2.62(s.3H).3.94(s.3H),3.97(s.3H). 6.73- 

6.78(m,2H),7.24(d. 1 H,J=8.8Hz).7.56(cW.1 H. J«2.0.8.4Hz). 

7.63(d.2H,J«8.4Hz).7.70(d,1 H,J=8.8Hz).7.81 (d.1 H,J«8.4Hz). 8.02(s.1 H).8.07(d.2H,J=8.4Hz),8.83{brs,1 H) 
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(C) 4-{2-[5-{7-Methoxy-8-metlTylnaphmaIen-2-yl)pyrrdyO}benzd acid 

[0073] The title compound was obtained by the same procedure as the one of Syrf Example 1 (D). 

^H-NMR(DMSO-d6.400MHz) 6 ; 2.56(s,3H),3.90(s.3HV 6.81(d.2H,J=2.2H2),7.3: «8.9Hz),7.72-7.77(m,2H), 
7.82(d,1H,J=8.4Hz)J.90(d.2H.J=8.8Hz).7.93(d.2H J: 3Hz). 8.30(S.1H).11.6(6. 

Synthesis Example 5 

4-(2-[5-(7-Methnxy.8-ethytnaphthalen-2-vftovrrQlvnibenzQicacid 

(A) Methyl 4-[4-{7-methoxy-8-ethylnaphthaIen-2-yl)-4-axobutanoylJbenzoate 

[0074] The title compound was obtained by the same procedure as the one of Synthesis Example 1 (B) (Process 2). 

iH-NMR(CDCl3,400MHz) 6 ; 1.27{t.3H.J=7.4Hz). 3.18(q.2H,J=:7.4Hz).3.54(t,2H,J=6.1Hz).3.64(t.2H,J:=6.1Hz), 
3.96(s.3H),3.98(s,3H).7.39(d,1 H,J=9.2Hz). 7.76(d,1H,J=9.2Hz).7.85(d,1 H.J=8.4Hz). 

7.92(dd.1H.J=1.6,8.4Hz).8.13(d,2H.J=8.4Hz), 8.16(d.2H.J-8.4Hz).8.72{s.1M) 

(B) Methyl 4-{2-[5-(7-methoxy-8-ethylnaphthalen-2-yOpyrrolyl]}benzoate 

[0075] The title compound was obtained by the same procedure as the one of Synthesis Example 1 (C). 

^H-NMR(CDCl3.400MHz) 5 ; 1.29(t3H.J=7.5Hz). 3.16(a2H.J=7.5Hz),3.94(s.3H),3.97(s,3H).6.73-6.78(m.2H), 
7.24(d,lH.J=8.8Hz).7.54(dd,1H,J=2.0.8.4Hz), 7.63(d.2H,J=8.0Hz),7.70(d,1H,J=8.8Hz).7.82(d.1H.J=8.4Hz). 
8.04(5.1 H).8.07(d.2H.J=8.0Hz).8.82(brs.1 H) 

(C) 4-{2-[5-(7-Methoxy-8-ethylnaphthalen-2-yOpyrrolyll}benzoic acid 

[0076] The title compound was obtained by the same procedure as the one of Synthesis Example 1 (D). 

^H-NMR(DMSO-d6.400MHz) 5 ; 1.18(t,3H.J=7.6Hz). 3.14(q.2H.J=7.6Hz),3.91(s.3H),6.81(m.2H). 

7.33(d.1H.Jr:8.8Hz).7.74(d.2H,J=8.8Hz).7.83(d.1H,J=8.8Hz), 

7.91(d,2H.J=8.4Hz).7.94(d.2H.J=8.4Hz),8.28(s,1H).l1.6(s.1H) 

Synthesis Example 6 

4-(2-f5-(8-M6thylnaphthalen-2-vllDvrrolyf)>benzoicacid 

(A) Methyl 4-[4-(8-methylnaphthalen-2-yO-4-oxobutanoyl]benzoate 

[0077] The title compound was obtained by the same procedure as the one of Synthesis Example 1 (B) (Process 2). 

iH-NMR(CDCl3.400MHz) 6 ; 2.79(s.3H).3.54(t2H.J=6.4Hz). 3.66(t,2H.J=6.4Hz),3.96(s.3H).740(d.1H,J=8.0Hz). 
7.50(t.1H.J=8.0Hz),7.74(d.1H,J=8.0Hz)7.92(d.1H.J=8.4Hz). 8.08(dd.1H.J«2.0.8.4Hz).8.12(d.2H.J=8.8Hz), 
8.16(d,2H.J=8.8Hz),8.75(s.1H) 

(B) Methyl 4-{2-[5-(8-methytnaphlhalen-2-yI)pyrrolyl]}benzoate 

[0078] The title compound was obtained by the same procedure as the one of Synthesis Example 1 (C). 

iH-NMR(CDCl3.400MHz) 5 ; 2.76(s.3H),3,94(s.3H). 6.74^.78(m,2H)J.34-736(m.2H).7.64(d.2H.J=8.4Hz). 7.68- 
7.72(m.2H).7.88(d.1 H.J=8.4Hz),8.06-8.10(m.3H). 8.84(brs.1H) 

(C) 4-{2-[5-(8-MethytnaphthaIen-2-yl)pyrrolyIl)benzoic acid 

[0079] The title compound was obtained by the same procedure as the one of Synthesis Example 1 (D). 
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lH-NMR(DMS<>d6,400MHz) 5 ; 2.73(s.3H),6.83(d.2H^«2.0H2). 7.30-7.36{m,2H) ,7.70(m,1 H).7.8e- 
7.96(m,6H).8.37(8,1H), 11.6(S.1H) 

Synthesis Example 7 

4*f2-f5-f8-Ethv lnaphthalen-2-vllDvrrotvf|;benzoic acid 

(A) Methyl 4-[4-(8-ethylnaphthalen-2-yO-4-Qxobutanoyqbenzoate 

[0080] The title compound was obtained by the same procedure as the one of Synthesis Example 1 (B) (Process 2). 

^H-NMR(CDa3.400MHz) 6 ; 1-42(t3H.Jo7.5H2), 3.20(q.2H,Jo7.5H2),3.55(t.2H,Jn6.4Hz),3.65(t,2H,J=6.4Hz). 
3.96(s,3H)7.42(d,1H,J=7.6H2).7.53(t.1HJe7.6Hz), 7.74(d,1H,J=8.0Hz).7.92(d,1H,J=8.8Hz). 
8.07(dd.1H,J=2.0,8.8Hz).8.13(d.2H,J=8.4H2), 8.16(d.2H,J=8.4H2).8.81(sJH) 

(B) Methyl 4-{2-[5-(8-ethyInaphthalen-2-yl)pyrrolyl]}benzoate 

[0081] The title compound was obtained by the same procedure as the one of Synthesis Example 1 (C). 

lH-NMR(CDCl3,400MHz) 6 ; 1.44(t,3H,J=7.5Hz). 3.18(q.2H.J=7.5Hz),3.94(s,3H),6.74(dd,1H,J=2.8.3.6Hz). 
6.78(dd.1H.J=2.8.3.6Hz),7.36-7.42{m,2H).7.63(d.2H,J=8.4Hz). 7.67- 
7.70(m.2H).7.89(d,1H.J=8.8Hz).8.08(d.2H,J=:8.4Hz). 8.13(S,1H).a82(brs,1H) 

(C) 442-[5-(8-Ethy1naphthalen-2-yOpyrrolyl]}benzoic acid 

[0082] The title compound was obtained by the same procedure as the one of Synthesis Example 1 (D). 

^H-NMR(DMSO-d6,400MH2) 5 ; 1.35(t.3H.J=7.5Hz). 3.18(q,2H.J=7.5Hz),6.82(s,2H),7.34"7.37(m,2H),7.70(m,1H), 
7.88-7.96(m.6H),8.41 (s, 1 H),11 .6(s. 1 H) 

Synthesis Example 8 

4-f2-[$-(9-|y^rppyln9Phthal9n-g-yl)pyrrplYn}benzpi<;£^Pd 

(A) Methyl 4-[4-(8-isopropylnaphthalen-2-yl)-4-oxobutanoyI]b«i2oate 

[0083] The title compound was obtained by the same procedure as the one of Synthesis Example 1 (B) (Process 2). 

^H-NMR(CDCl3.400MH2) 6 ; 1.44(d,6HJ=7.0Hz), 3.54(t,2H.J=6.4H2).3.66(t,2H.J=6.4Hz),3.87(q.1H,J=7.0H2), 
3.96(s.3H).7.50(d,1H.J=8.0Hz).7.58(tlH.J=8.0Hz), 7.73(d.1H,J=8.0Hz).7.92{d.1H.J=8.4Hz). 
8.06(dd.1H,J=1.6,a8Hz),8.12(d.2H.J=8.0Hz), 8.16{d,2H,J=8.0Hz).8.90(s,1H) 

(B) Methyl 4-{2-[5-(8-isopropytnaphthalen-2-yl)pynrolyt]}benzoate 

[0084] The title compound was obtained by the same procedure as the one of Synthesis Example 1 (C). 

^H-NMR(CDCl3.400MHz) 5 : 1.45(d.6H,J»7.2Hz), 3.83(quint..1H,J=7.2Hz).3.94(8,3H).6.74(dd,1HJ»2.4.4.0Hz). 
6.78(dd.1 H.J«2.4.4.0Hz).7.41 -7.46(m,2H),7.63(d.2H, J«8.8Hz), 7.67- 
7J0(m.2H),7,89(d. 1 H.J=8.4Hz).8.07(d.2H.J=8.8Hz). 8.21 (s. 1 H).8.82(brs.1 H) 

(C) 4-{2-[5-(8-lsopropylnaphthalen-2-yOpyrrolyl]}benzoic acid 

[0085] The title compound was obtained by the same procedure as the one of Synthesis Exanrple 1 P). ^H- 
NM R(DMSO-d6.400MHz) 6 ; 1 .37(d.6H. J=6.8Hz), 3.96(quint..1 H J=6.8Hz).6.81 (m.2H),7.37-7.44(m,2H). 
7.69(d,1 H.J=8.0Hz),7.88-7.96(m,6H),8.48(s.1H),1 1 .6(8.1 H) 
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Synthesis Example 9 

4-(2-f5-f8-lsoproDenvln aDhthalen-2-vl)Dvrrolvnibenzoic acid 

5 (A) Methyl 4-[4-(8-lsopropenylnaphthalen-2-yl)-4-oxobutanoyl]benzoate 

[0086] The title compound was obtained by the same procedure as the one of Synthesis Example 1 (B) (Process 2). 

iH-NMR(CDCl3.400MHz) 8 ; 2.25(s,3H),3.52(t.2H.J=6.4Hz). 

10 3.63(t.2H.J=6.4H2).3.96(s.3H).5.10(m.1H),5.51(m.1H). 7.40(dd.1H.J«1.2.6.8Hz).7.56(t,1H,J=8,0Hz). 

7.79{d.1H.J=8.4Hz).7.91(d,1H.J=8.4Hz). 8.06(dd.1H,J=2.0,8.8Hz).8.11(d,2H,jH:8.4Hz), 
8-16(d,2H.J=8.4Hz).8.82(s.1 H) 

(B) Methyl 4-{2-[5-{8-lsopropeny1naphthalen-2-yl)pyrrolyl])benzoate 

IS 

[0087] The title conpound was obtained by the same procedure as the one of Synthesis Example 1 (C). 

lH.NMR(CDCl3.400MHz) 5 : 2,28(s.3H).3.94(6.3H),5.13(m.1H), 

5.49(m.1H),6.72(dd.1H.J=2.8.3.6Hz).6.76(dd,1H.J»2.4,3.6Hz). 
20 7.34(dd.1H.J=1.6,7.2H2).7.41{dd.1H.J=7.23.0Hz). 7.62(d.2H,J=8.8Hz).7.70(dd.1H.J=2.0.8.8Hz). 
7.74{d,1H,J^8.0Hz).7.88(d,1HJ=8.4Hz),8.07{d,2H,J=8.8Hz). 8.14(s,1H),8.79(brs.1H) 

(C) 4-{2-[5-{8-lsopropenylaphthalen-2-yl)pyrroly1]}benzoic acid 

25 [0088] The title compound was obtained by the same procedure as the one of Synthesis Example 1 (D). 

lH-NMR(DMSO-d6.400MHz) 6 : 2.23(s,3H).5.07(m.1H).5.46(m,1H). 6.70(m.1H).6.81(m.1H),7.31(d.1H.J=7.2Hz). 
7.40(t. 1 H, J=8.0Hz) .7.88-7.95(m,6H),8.23{s. 1 H). 1 1 .6(s, 1 H) 

30 Synthesis Example 1 0 

4-f2-f5-f8-Phenvlnaphthalen-2-vnpvrrolvl11benzoic acid 

(A) Methyl 4-[4-(8i3henylnaphthalen-2-yl)-4-oxobutanoyl]benzoate 

35 

[0089] The title compound was obtained by the same procedure as the one of Synthesis Example 1 (B) (Process 2). 

^H-NMR(CDCl3,400MHz) 6 ; 3.45(m,4H),3.95(s.3H). 7.46-7.54(m.6H).7.66(t1H,J«8.0H2),7.90(d,1H.J=a4Hz). 
7.98(d,1H,J=8.8Hz),8.06-8.10(m,3H).8.13(d,2H,J=8.4Hz). 8.66(s,1H) 

40 

(B) Methyl 4-{2-[5-(8-phenylnaphthalen-2-yl)pyrrolyi]}benzoate 

[00901 The title compound was obtained by the same procedure as the one of Synthesis Example 1 (C). 

45 lH-NMR(CDCl3.400MHz) 6 ; 3,92(s,3H).6.64(dd.1H.J=2.4.3.6Hz). 

6.71 (dd, 1 H,J«2.4,3.6Hz),7.44(dd,1 H,J=1 .6,7.2Hz). 748- 
7.56(m.8H).772(dd,1H.J=1.6.8.4Hz),7.84(d.1H,J=a4Hz), 7.94(d.1H,J=a4H2).8.00(s,1H).8.03(d,2H.J=8.4Hz). 
8.71(brs,1H) 

so (C) 4-{2-[5-(8-Phenylnaphthalen-2-yl)pyrrolyl]}benzoic acid 

[0091 ] The title compound was obtained by the same procedure as the one of Synthesis Example 1 (D). 

iH-NMR(DMSOHd6.400MHz) 5 6.48(m.1H),6.72(m.1H). 7.41(dd.1H,J=1.2.a8Hz).7.46- 

55 7.58(m.6H),7,78(d.2H,J=8.4Hz). 7.88(d,2H,J=a4Hz)7.91(d,1H.J=8.4Hz). 
aOO(dd.1 H.J=1 .2.7.8Hz),8.02(d,1H,J=7.8Hz).8.09(S,1 H). 1 1 .6(S.1 H) 
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Synthesis Example 1 1 

4-f2-r5-f5.8-DimethvlnaDhthalen-2-vn-1 -methvlDviTolvmbenzoic add 

(A) Methyl 4-{2-[5K5.8-dimethytnaphthalen-2-yl)-1-methyrpyrrolyn}benzoate 

[0092J In a nitrogen atmosphere, methyl 442-[5^(5;8-dimethyInaphthareh-2-yl)pyrfdlylDbenzoate (240 mg) was dis- 
solved in N.N-dimethytformamide (5 ml). Then, sodium hydride (60 %. 33 mg) was added and the resultant mixture was 
stirred for 1 hr. Next, methyl Iodide (0.06ml) was added dropwise to the mixture at 0 **C followed by stimng at room tem- 
perature for 1 hr. After adding a saturated aqueous solution of ammonium chloride, the mixture was extracted with ethyl 
acetate (30 ml x 2). The organic layers were combined, washed with brine and dried over anhydrous magnesium sul- 
fate. After filtering, the filtrate was concentrated to give the title compound (300 mg) as a crude product. 

^H-NMR(CDCl3,400MH2) 6 ; 2.70(s.6H).3.72(s.3H),3.94{s.3H), 6.47{d,1H,J=3.6Hz),6.49(d.1H.J=3.6Hz),7.21- 
7.26(m.2H), 759(d.2H.J=8.0Hz).766(dd. 1H,J=1.6.8.4H2). 8.06-8. 12(m.4H) 

(B) 4-{2-[5-(5,8-Dimethylnaphthalen-2-yl)-1-methylpyn^olyl]}ben2oic acid 

[0093] The title compound was obtained by the same procedure as the one of Synthesis Example 1 (D). 

^ H-NM R(DMSO-<l6.400MHz) 6 : 2.62(s.3H).2.66(s.3H),3.71 (s,3H), 

6.48(m.2H).724(d.1H.J=6.8Hz).7.26(d,1H.J=6.8H2). 

7.68(d.2H.J=8.0Hz),7.73(d.1 H,J=7.6Hz).7.99(d,2H,J=8.0Hz). 8.07(m,2H) 

Synthesis Example 12 

4-(2-r5-f5.8-Dimethvtnaphthalen-2-yl)-1 -is ooropvlDvrrolvn}benzoic acid 

(A) Methyl 4-{2-[5-(5,8-dimethylnaphthalen-2-yO-1-isopropylpyrrolyl])benzoate 

[0094] Methyl 4-[4-(5,8-dimethylnaphthalen-2-yQ-4-CKobutanoyl]benzoate (0.23 g) was dissolved in acetic acid (4 ml). 
After adding isopropylamine (4 ml) at room tenrperature. the resultant mixture was heated under reflux for 2 hr. After 
cooling to room temperature by allowing to stand, water was added to the mixture followed by extraction with ethyl ace- 
tate (30 ml X 2). The organic layers were combined, washed successively with a saturated aqueous solution of sodium 
bicarbonate and brine and dried over anhydrous magnesium sulfate. After filtering, the filtrate was concentrated. The 
resulting crude product was purified by silica gel column chromatography to give the title compound (95 mg). 

^H-NMR(CDCl3,400MHz) 6 ; 1.30(d,6H.J=70Hz).2.69(s.3H), 

2.71(s.3H),3.96(s,3H),4.58(quint.,1H.J=70Hz),6.29(s,2H). 723- 
7.28(m.2H).7.58(d.2H,J=8.2Hz).7.65(dd. 1 H, J=1 .6,8.4Hz), 8.05(d. 1 H.J=8.4Hz),8.08-8.1 1 (m.3H) 

(B) 4-{2-[5-{5,8-Dtmethylnaphthalen-2-yl)-lHsopropylpyn'olyfJ}benzoic add 

[0095] The title compound was obtained by the same procedure as the one of Synthesis Example 1 (D). 

^H-NMR(DMSO-d6,400MHz) 8 ; 1.22(d,6H,J=70Hz),2.63(8,6H), 4.50(qulnt.,1H,J=7.0Hz).6.23(s,2H), 7.27(q,AB 
type.2H,J=^6.8Hz)7.58(d,2KJ=8.0Hz), 7.64(dd,l H.J»1 .6.8.8Hz),7.99(m,3H),8.06{d. 1 H.J=8.8Hz). 1 2.9(brs. 1 H) 

Synthesis Example 13 

A-{2-[544.7-Dimethvlbenzofu ran-2-vl)pvrrolvmbenzoic acid 

(A) Methyl 4-[4-(4,7-dimethyfbenzofuran-2-yl)-4-Qxobutanoyl]benzoate 

[0096] To a solution (100 ml) of 2,5-dimethylpheno( (10 g) in N.N-dimethytformamide were added anhydrous potas- 
sium carbonate (22.6 g) and bromoacetaldet^e diethyl acetal (14.8 ml) and the resultant mixture was heated to 150 
*'C under stirring for 2.5 hr. After cooling to room temperature by allowing to stand, it was extracted with ethyl acetate. 
The organic layer was washed with brine and dried over anhydrous magnesium sulfate. After evaporating the solvent. 
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the residue was purified by silica gel column chromatography to give an ether (18 g) as a colorless oil. 
[0097] The resultir>g product was then dissolved in toluene (100 ml). After adding polyphosphoric acid (50 g), the 
resultant mixture was heated to 90 under stirring for 1 hr in a nitrogen atmosphere. After cooling to room temperature 
by allowing to stand, the liquid reaction mixture was poured into ice-water and extracted with ethyl acetate. The organic 

5 layer was washed with brine and dried over anhydrous magnesium sulfate. After evarorating the solvent, the resulting 
residue was purified by silica gel column chromatography to give 4.7-dimethylbenzof' n (3.5 g) as a yellow oil. 
[0098] In a nitrogen atmosphere, n-butyllithium (1 .56 M hexane solution, 1 8.4 ml) r. . added at - 35 °C to a solution 
(50 ml) of the 4.7-dimethylbenzofuran (3.5 g) in dry tetrahydrofuran. Then the resulting mixture was stirred for 15 min 
and N,N-dimethylformamide (5.6 ml) was added dropwise to the mixture. Next, the reaction mixture was heated to room 

10 temperature and ethyl acetate was added to the mixture. The organic layer was washed with brine and dried over anhy- 
drous magnesium sulfate. After evaporating the solvent, the resulting crude crystals were washed with n-hexane to give 
4.7-dimethylben20furan-2-carbaldehyde (2.3 g) as a pale yellow solid. 

iH-NMR(CDCl3.400MH2) 6 ; 2.53(s,6H).7.02(d.1H,J=6.8Hz). 7.20(d,1H.J=6.8Hz)7.59(s,1H).9.85(s,1H) 

15 

[0099] The 4,7<iimelhylbenzofuran-2-carbaldehyde was treated as in Synthesis Example 1 (B) (Process 2) to give 
the title corrpound. 

iH-NMR(CDCl3.400MHz) 6 ; 2.50{S.3H),2.51(s.3H). 3.45-3.55(m.4H).3.94(s,3H).7.00(d.1H,J=6.8Hz), 
20 7.16(d.lH.J=6.8Hz).7.62(s,1H),8.09(d.2H,J=8.4Hz),8.14(d.2H.J=8.4Hz) 

(B) Methyl 4-{2-[5-(4,7-dimethylbenzofuran-2-yl)pyrrolyl]}benzoate 

[0100] TTie title conpound was obtained by the same procedure as the one of Synthesis Example 1 (C). 

25 

lH-NMR(CDCl3,400MHz) 8 ; 2.48(s.3H),2.55(s,3H),3.93(s,3H). 6.72-6.77(m.2H),6.83{s.1H),6.93(d.1H,J=6.8Hz). 
6.97(d.1H.J=6.8Hz).7.63(d.2H.J=^.4Hz).8.07(d,2H.3=8.4Hz),9.00(brs.1H) 

(C) 4-{2-[5-(4,7-Dimethylbenzofuran-2-yl)pyn'olyl]}benzoic acid 

30 

[01 01 ] The title compound was obtained by the same procedure as the one of Synthesis Example 1 (D). 

' H-NMR(DMSO<i6.400MHz) 5 ; 2.43(s.3H),2.46(s.3H). 

6.71(t.1H,J=2.4Hz),6.84(t.1H,J=2.4Hz).6.92(d.1H.J=7.2Hz). 6.96(d.1H.J=7.2Hz).7.23(s.1H).7.89(d.2H,J=8.4Hz), 
35 7.95(d,2H.J=8.4Hz). 1 1 .81 (brs.1 H),12.85(brs.1 H) 

Synthesis Example 14 

4-{2-r5-(4.7-Dichlorobenzofuran-2-vl)pvrrQlvll}ben2Qicacid 

40 

[01 02] The title compound was obtained by the same procedure as the one of Synthesis Example 1 . 

lH-NMR(DMSOKj6.400MHz) 6 ; 6.83(t.1H.J=2.4Hz). 6.89(t.1H.J=2.4Hz),7.35(d.1H.J»7.2Hz),7.38(d.1H.J=7.2Hz), 
7.39(6.1H).7,91(d.2H,J=8.4Hz),7.97{d.2H.J=8.4Hz),12.02(brs.1H).12.86(brs,1H) 

45 

Synthesis Example 15 

4-(2-r5.f7-Chlorobenzofu ran-2-vnpvrrolvnibenzoicacid 

50 [01 03] The title compound was obtained by the same procedure as the one of Synthesis Exanrple 1 . 

lH-NMR(DMSO-d6,400MHz) 6 ; 6.76(t.1H.J=3.2Hz). 6.86(t.1H,J=3.2Hz).7.23(t.1H.J=7.6Hz),7.29(s,1H). 
7.33(dd,lH.J=0.8,7.6Hz).7.61(dd.1H,J»0.8,7.6Hz), 7.90(d.2H.J=8.4Hz).7.95(d.2H.J=8.4Hz).11.96{s.1H). 
12.83(brs,1H) 
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Synthesis Example 16 

4-(2-r5-f7-n-Propvlbenzofuran-2-vntyvrrolvntoenzoicacid 

[0104] The title compound was obtained by the same procedure as the one of Synthesis Example 1 . 

^ H-NMR(DMSad6.400MH2) 5 ; 0.95(t3H.J=7.2Hz). 1 .75(sext.2H.Jo7.2H2).2.87(t,2H, J=7.2Hz), 
6.71(t1H,J=3.2Hz).6.84(t1H,J=3.2H2), 7.06(dd.1H.J=1.2,7.6Hz),7.13(t.1H.J=7.6H2).7.17{s.1H), 
7.44{dd. 1 H, J= 1 .2 ,7.6Hz)7.88(d,2H,J=8.4Hz). 7.95(d.2H.J=8.4Hz). 1 1 .82(s, 1 H), 1 2.80(brs. 1 H) 

Synthesis Example 17 

4-(2-r5-(4-Methvi'7-ethvlbenzofuran-2-vnDvn-olvn)benzoic acid 

[01 05] The title compound was obtained by the same procedure as the one of Synthesis Example 1 . 

iH-NMR(DMSOKj6.400MHz) 8 ; 1.29(t.3H.Jo7.6Hz).2.45{s,3H), 2.88(q.2H,J=7.6Hz),6.70(m,1H),6.83(m,1H), 
6.95(d.1 H.J=7.2Hz),6.98{d,1 H.J=7.2Hz).7.23(s.1 H), 7.89(d.2H.J=8.8Hz),7.94{d.2H,J=8.8Hz),1 1 .80(6.1 H). 

12.82(brs.1H) 

Synthesis Example 18 

4-{2-[5-(4-Methyl'7-n-prQpylbenzQfuran-2-yDpyrrQlygibenzQic acid 

[0106] The title compound was obtained by the same procedure as the one of Synthesis Example 1 . 

^H-NMR(DMSO-d6.400MHz) 6 ; 0.93(t,3H,J=7.6Hz). 1.73(sext.2H.J=7,6Hz),2.45(S.3H).2.83(t,2H,J=7.6Hz). 
6.70(m.1 H),6.83(m.1 H).6-94(d.1 H,J=7.2Hz).6.95(d.1 H,J=7.2Hz), 
7.22(s,1H),7.89(d,2H,J=8.4H2).7.94(d.2H.J=8.4Hz), 11.81(s.1H).l2.83(brs,1H) 

Synthesis Example 19 

4-f2-r5-f4-chlorO'7-methvl benzofuran-2-YnDvn'olvf1}benzoicacid 

[01 07] TTie title compound was obtained by the same procedure as the one of Synthesis Example 1 . 

iH-NMR(DMSC>d6.400MHz) 5 ; 2.48(s,3H),6.78-6.82(m.1H), 6.85- 

6.88{m,1H)7.09(d.1H.J=7.6Hz).7.21(d,1H.J=7.6H2). 7.29(s.1H)J.90(d,2H^=8.4Hz).7.96(d,2H,J=:8.4Hz), 
11.91(brsJH) 

Synthesis Exannple 20 

4-{2-[5-(4-Chl9ro-7-ethylt?enzofgfan-g-yf)pyrrolyl]}bgn20ic add 

[01 08] The title compound was obtained by the same procedure as the one of Synthesis Example 1 . 

iH-NMR(DMSO-d6.400MHz) 6 ; 1.30(t3HJ=7.5Hz). 2.90(q.2H.J=7.5H2).6.79{dd,1H.J=2.4.3.6Hz), 
6.86(dd. 1 H.J=2.4.3.6Hz).7.1 1 (d. 1 H.J=8.0Hz). 7.23(d. 1 H.J=8.0Hz).7.29(s. 1 H).7.89(d,2H.J=8.8Hz). 

7.95{d.2H.J«8.4Hz), 1 1 .90(brs.1 H) 

Synthesis Example 21 

4-f2-f5-f4-Chloro-7-n-DroDvlbenzofuran-2-vnDviTolvntoenzoic acid 

[01 09] The title compound was obtained by the same procedure as the one of Synthesis Example 1 . 

^H-NMR(DMSO<l6,400MHz) fi ; 0.94(t3H.J=7.2Hz).1,68-1.77{m.2H), 2.86(t2HJ=7.2Hz),6.77-6.80(m.1H).6.84- 
6.88(m,1 H), 7.09(d.1 H,J=8.4Hz).7.22(d.1 H,J=8.4Hz),7.28{s.1 H). 
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7.89(d.2H,J=8.8Hz).7.95{d,2H,J=8.8H2).11.90(brs,1H) 

Synthesis Example 22 

5 4-f2-f5-f5-Chloro-7-methvlbenz nfijran-2-vl^^DvrrolvnibenzQicacicl 

[01 1 0] The title conrpound was obtained by the same procedui & as the one of Synthesis Example 1 . 

lH-NMR(DMSO<j6.400MHz) 6 ; 2-48(S,3H),6.74.6.77(m.1H). 6.83-6.86(m. 1H). 7. 10-7.1 3(m,1H). 7.1 7(s.1H),7.52- 
10 7.54(m.1 H), 7.88(d.2H.J=8.4H2),7.95(d.2H.J=8.8Hz).11 .89(brB.1 H) 

Synthesis Example 23 

A.(2-[5-(5-Chloro-7-ethvlh pn7nfuran-2-vnnvrrQlvnibenzQlc acid 

[01 1 1 ] The title compound was obtained by the same procedure as the one of Synthesis Example 1 . 

iH-NMR{DMSO-d6.400MHz) 6 : 1.30(t3H.J«7.6H2). 2.90(q.2H,J=7.6Hz).6.74(dd.1H.J=1.6.3.6H2). 
6.84(dd.1H.J=1.2,3.6Hz).7.12{s.1H).7.17(s.1H),7.54(s.1H). 7.89(d,2H.J=8-4Hz).7.94(d.2H.J=8.4Hz).11.89(S.1H) 



IS 
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Synthesis Example 24 

4-{2-[5-f5-ChlQro-7-n-Dr QpvlbenzQfuran-2-vnDyrrolvnibenzQicacid 

25 [01 1 2] The title compound was obtained by the same procedure as the one of Synthesis Example 1 . 

lH-NMR(DMSO-dB.400MHz) 5 ; 0.94(t.3H,J-7.6Hz). 1.74(sext.2H,J=7.6Hz).2.86(t,2H.J=7.6Hz).6.74(m,1H). 
6.84(m.1H)7.10(d.1H.J=2.4Hz).7.18(S.1H). 7.54(d.1H,J=2.4Hz).7.89(d,2H.J=B.4Hz).7.94(d.2H.J=8.4Hz), 
11.91(s.1H) 

30 

Synthesis Example 25 

4-(2-r5-f5-Fluoro-7-ethvlbenzofuran-2-vllDvrr Qlyt]|benzoic acid 
35 [0113] The title conpound was obtained by the same procedure as the one of Synthesis Example 1. 

lH-NMR(DMSO-d6.400MHz) 5 ; 1.31{t3H.J=7.6Hz). 2.91(a2H.J=7.6Hz),6.74(t.1H.J=3.6Hz).6.84{t,1H.J=3.2Hz). 
6.94(dd.1H,J=2.0.10.0Hz)7.25(ddJH,J=2.4,8.8Hz).7.29(s,1H)7.94{bre.4H).12.04^^^ 

40 Synthesis Example 26 

4-{2-r5-f5-FluQro-7-n-propylbenzofu ran-2-vnnvrrolvn^benzoicacid 

[0114] The title compound was obtained by the same procedure as the one of Synthesis Example 1 . 

lH-NMR(DMSO<l6.400MHz) 6 : 0.95(t.3H.J=7.2Hz). 1.74(q,2H,J=7.2Hz),2.86(t.2H,J=7.2H2), 
6.73(dd.1H.J=2.0.3.6Hz).6.84(dd.1H.J=2.4.3.6Hz). 6.93(dd.1H.Jo2.0.10.4Hz),7.22-7.28(m.2H)J.90-7.96(brs.4H). 
12.00(s.1H) 

so Synthesis Example 27 

A-{P-(S-(4 7.DHIuQrQben2nftjrfln-2-vnDvrrolvnfeenzoic acid 

[0115] 2.5-Difluorophenol (10 g) was dissolved in dimethylfomnaldehyde (120 mQ. At room temperature, potassium 
55 carbonate (21 g) and ally) bromide (8.57 ml) were successively added to the mixture and it was sUrred at 80 for 1 hr 
After adding water to the liquid reaction mixture, it was extracted with ethyl acetate. The organic layer was washed with 
brine dried over anhydrous magnesium sulfate and then concentrated under reduced pressure. The resulting residue 
was purified by silica gel column chromatography (developing solvent: 5 % ethyl acetate/n-hexane) to give 2,5-difluor- 
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ophenol ally) ether (13 g) as a colorless oil. 

iH-NMR(CDCl3.400MHz) 6 ; 4.58{d.2H.J=5.2H2). 5.33(dd.1H.J»2.4.8.4Hz),5-44{dd,1H.d,J=2.4.17.2H2). 5.98- 
6.10(m,1H),6.55-6.60{m.1H). 6.70(ddd.1H,J=3.2.6.8,10.0Hz),7.01(dcW.1H.Jo5.2.8.8. 10.0Hz) 

[0116] Tlie 2.5-difluorophenol allyl ether (13 g) was dissolved in N.N-dimethylartillne (90 ml) and the resulting solution 
was stin-ed under a nitrogen gas stream at 170 ''C for 5 hr. Then the liquid reaction mixture was poured into a 10 % 
aqueous solution of hydrogen chloride and extracted with ethyl acetate. The organic layer was washed with brine, dried 
over anhydrous magnesium sulfate and concentrated under reduced pr^sure. The resulting residue was purified by sil- 
ica gel column chromatography (developing solvent: 7 % ethyl aoetate/h-hexane) to give 2-allyl-3.6-d[fluorophenol (7.8 
g) as a colorless oil. 

^H-NMR(CDCl3,400MHz) S ; 3.44(dd,2H,J=1 .2,6.0H2), 5.05-5.09(m,1H),5.26-5.28(m.1H).5.90-5.99(m.1H), 
6.56(dt. 1 H, J=4.4.9.2Hz).6.91 (dt. 1 H.J=5.2,9.2Hz) 

[01 1 7] The 2-allyl-3.6-dif luorophenol (7.0 g) was dissolved in dichloromethane (1 00 ml). After adding 3-chloroperben- 
zoic acid under a nitrogen gas stream at 0 ''C, the resultant mixture was stin^ed at room temperature for 2 hr. After add- 
ing water to the liquid reaction mixture, it was extracted with dichloromethane. The organic layer was washed 
successively with a saturated aqueous solution of sodium bicarbonate and brine, dried over anhydrous magnesium sul- 
fate and concentrated under reduced pressure to give an epoxide (7.2 g) as a cmde product The thus obtained epoxide 
(7.2 g) was dissolved in dimethyl suKoxide (30 mQ and water (10 ml). After adding potassium hydroxide at room tem- 
perature, the resultant mixture was stirred tor 4 hr. Next ethyl acetate was added to the reaction mixture and the organic 
layer was washed with brine, dried over anhydrous magnesium sulfate and concentrated under reduced pressure. The 
resulting residue was purified by silica gel column chromatography (developing solvent: 20 % ethyl acetate/h-hexane) 
to give fluoro-2,3<lihydro-2-hydroKymethylbenzofuran (1.2 g) as a colorless oil. 

^ H-NH/!R(CDCl3.400MHz) 6 ; 355(dd,1 H,J=6.7.1 6Hz). 3.33(dd.1 H.J=8.0.16.0H2),3.75-3.83(m,1 H),3.90- 
3.97(m.1H).5.04-5.13(m,1H),6.49(ddd.1H.J=2.8.10.0.11.2Hz).6.87(dt1H,J=4.4,10.0Hz) 

[01 1 81 The 477<jif luorb-2.3-dlhydr6-2-hdyrdxymethylbenz6furan (1 .2 g) was dissolved in pyridine (6 ml). After adding 
acetic anhydride (0.73 ml) under a nitrogen gas stream at 0 *>C. the resultant mixture was stined at room temperature 
for 1 7 hr. Then the liquid reaction mixture was poured into a 10 % aqueous solution of hydrogen chloride and extracted 
with ethyl acetate. The organic layer was washed with brine, dried over anhydrous magnesium sulfate and concentrated 
under reduced pressure. The resulting residue was purified by silica gel column chromatography (developing solvent: 
5 % ethyl acetate/h-hexane) to give 2-acetaxymethyt-4 J-drfluoro-2.3-dihydrobenzofuran (750 nng) as a colorless oil. 

^ H-NMR(CDCl3.400MHz) 5 ; 2.1 7(s.3H),3.08(dd, 1 H.J=7.2.1 5.6Hz). 

3.39(dd.1H.J=10.0.15.6Hz).4.28(dd.1H.J=6.4,12Hz), 4.36(dd.1KJ=s3.6.12Hz).5.13-5.20(m,1H), 
6-51 (ddd, 1 H, J=2.8.1 0.0. 1 0.8Hz).6.89{dt 1 H,J=4.4.1 0.OHz) 

[0119] The 2-acetCDcymethyt-4,7-dffluoro-2.3-dihydrobenzofuran (750 mg) was dissolved in carbon tetrachloride (15 
ml). After successively adding N-bromosuocinimide (582 mg) and azodiisopropylnitnle (10 mg) at room temperature, 
the resultant mixture was heated under reflux for 1 hr. Th^ the liquid reaction mixture was filtered through a glass filter 
and the filtrate was concentrated. To the resulting oil was added ethyl acetate. Next the organic layer was washed with 
brine, dried over anhydrous magnesium sulfate and concentrated under reduced pressure to give a bromide (800 mg) 
as a crude product. This bromide was dissolved in tol-butyl alcohol (6 ml). Under a nitrogen gas stream, potassium 
tert-butoxide (a 1 .0 M solution in tert-butyt alcohol, 3.3 ml) was added to the mixture at room temperature and the result- 
ant mixture was stined at room temperature for 2 hr. After adding ethyl acetate to the liquid reaction mixture, the organic 
layer was washed with brine, dried over anhydrous magnesium sulfate arKi concentrated under reduced pressure. The 
resulting residue was purified t>y silica gel column chromatography (developing solvent: 10 % ethyl acetate/h-hexane) 
to give 2-acetoxymethyf^,7-difluorobenzofuran (252 mg) as a coloriess oil. 

lH-NMR(CDCl3.400MHz) 5 ; 2.14(s.3H),5.20(s,2H), 6.84{dt,1H.J«=3.2,8.8Hz),6.89(d,1H.J»2.4Hz), 
6.98(ddd.1H,JM.0.8.8Hz) 

[0120] The 2-acetoxymethyl-4.7-difluorobenzofuran (252 mg) was dissolved in methanol (5 ml). After adding potas- 
sium caTt>onate (455 mg) at room temperature, the resulting mixture was stirred at the same temperature for 2 hr. Then 
ethyl acetate was added to the liquid reaction mixture and the aganic layer was washed with brine, dried over anhy- 
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drous magnesium sulfate and concentrated under reduced pressure. The resulting residue was purified by silica gel col- 
umn chromatography (developing solvent: 5 % ethyl acetate/n-hexane) to give 4.7-difluoro-2-hydro)cybenzofuran {161 
mg) as a colorless oil. 

5 iH-NMR(CDCl3.400MHz) 6 : 4.80(d.2H.J=4.0Hz). 6.80{d,1H.J=2.8H2),6.83(dt.1H,J=2.8.8.4Hz), 

6.95(ddd,1H,J=4.0.8.4.10.0Hz) 

[0121] Oxalyl chloride (0.26 ml) was added at - 78 to dimethyl sulfoxide (0.42ml) and dichloromethane (7 ml) and 
the resultant mixture was stirred at the same temperature for 3 min. Next, the 4.7-difluoro-2-hydrQxyben20furan (272 

10 mg) was added to the mixture at the same temperature followed by stirring for 40 min. After adding triethyfamine (1 .2 
ml) to the liquid reaction mixture, it was heated to room temperature and then stirred at room temperature for additional 
30 min. Then water was added to the liquid reaction mixture followed by extraction wrth ethyl acetate. The organic layer 
was washed with brine, dried over anhydrous magnesium sulfate and concentrated under reduced pressure. The result- 
ing residue was purified by silica gel column chromatography (developing solvent: 5 % ethyl acetate/n-hexane) to give 

IS 4.7-dif luorobenzof uran-2-carbaldehyde (1 69 mg) as a colorless solid. 

lH-NMR(CDCl3.400MHz) 6 : 6.96(dt.1H.J=2.8,8.8H2). 

7.21 (ddd,1 H.J=4.0,8.8.9.6Hz).7.66(d. 1 H.J=2.4Hz).9.92(s.1 H) 

20 [01 221 The aldehyde was treated as in Synthesis Example 1 to give the title compound. 

^H-NMR(DMSO<l6.400MHz) 5 ; 6.82(dd,1H>2.4,3.6Hz). 6.86(dd.1H,J=2.4.3.6Hz),7.08(dd.1H.J=3.2,8.8Hz). 
7.19(dd,1H.J=3.2.8.8Hz).7.42(d,1H.J=2.4Hz). 7.92(d.2H.J=8.4Hz).7.96{d.2H.J=8.4Hz).12.08(s.1H) 

25 Synthesis Example 28 

4-{2-[5-(5-Chloro-7-isoDrooenvlbenz ofuran-2-vn^Dvrrolvn)}benzQic acid 

[01231 The title compound was obtained by the same procedure as the one of Synthesis Example 1 . 

30 

1H-NMR(DMSO<16.400MHZ) 5 : 2.25(s.3H).5.48(s.1H).5.93(s.1H) 

6.74(m.1H).6.84(m.1H),7.23(m,2H).7.67(m,1H), 7,88(d.2H.J=8.4Hz).7.94(d,2H,J=8.4Hz).11.96{s.1H), 
12.87(brs,1H) 

35 Synthesis Exanrple 29 

4-fg-f5-f5-Chloro-7-isoproovlbenzofuran-2-vl)Dv rrQlvmbenzoicacld 

[01241 The title corTfjound was obtained by the same procedure as the one of Synthesis Example 1 . 

40 

iH-NMR(DMSO-d6,400f^Hz) 6 ; 1 .34(d,6H.J=7.2Hz), 3.44(quinl.1H,J=7.2Hz),6.75(m,1H),6.84(m.1H).7.12(m,1H). 
7.18(d,1H.J=0,8Hz).7.54(dd.1H,J=1.2.2.0Hz). 7.89(d.2H.J=8.0Hz).7.94(d,2H,J=8.0Hz).11.91(s.1H). 
12.88(brs.1H) 

45 Synthesis Example 30 

il.{2-rS-f5-Methvl-7-n-D rnpYihfinzQfuran-2-vnDvnrolvnibenzQicaCid 

[0125] The title cortpound was obtained by the same procedure as the one of Synthesis Example 1 . 

iH.NMR(DMSOKl6.400MHz) 6 : 0.94(t3H.J=7.2Hz). 1.74(sext.2H,J=7.2Hz).2.34(s,3H).2.82(t,2H,J=7.2Hz). 
6.68(m.1 H).6.83{m.1 H),6.88(s.1 H).7.1 1 (s.1 H).7.22(s, 1 H). 7.88{d.2H.J=8.4Hz).7.94(d.2H.J=8.4Hz).1 1 .81 (s.1 H), 
12.86(brs.1H) 
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Synthesis Example 31 

A-{3.[5-f5-Methvl-7-isoDroD envlbenzofuran'2-vnDYrrolYni^^ 

5 [0126] The title compound was obtained by the same procedure as the one of Synthesis Example 1 . 

iH-NMR(DMSad6.400MH2) 8 : 2.26(s.3H).2.38(s.3H).5.40(s.1H) 

5.88(s,1H),6.68(m,1H).6.83(m,1H).7.08(s.1H)7.15{6,1H). 7.36(s,1H)7.88(d.2H.J=8.4Hz).7.94(d,2H.J=8.4Hz). 
11.84(s.1H),12.83(brs,1H) 

10 

Synthesis Example 32 

A.fg45-fS4^lethtfl-7-isoDroDvtoen2ofuran-2-vi)DvrrQi^^ 

IS [01 27] The title compound was obtained by the same procedure as the one of Synthesis Example 1 . 

lH-NMR(DMSad6,400MHz) 6 ; 1.34(d,6H,J=6.8H2),2.35(S,3H). 

3.40(quint.1 H,J=6.8Hz).6.68(dd.1 H.J=2.4.3.6Hz). 6.82{dd.1 H.J=2.4,3.6Hz).6.92(s.1 H).7.10(s,1 H).7.22(s.1 H). 
7.88(d,2H.J=8.8Hz).7.94{d.2H,J=8.8Hz),l 1 .79(s.1 H). 12.82{brs,1 H) 

20 

Synthesis Example 33 

4.{2.f5-(5-Methvl-7-ethv lben2Qfuran-2-vnDvnrolvnibenzQic acid 

25 [0128] The title compound was obtained by the same procedure as the one of Synthesis Example 1. ""H-NMRCDMSO- 
d6,400MHz) 6 1 .30(t.3H,J=7.6Hz),2.35(s.3H). 2.87(q,2H,J=7.6Hz),6.69{m.1 H),6.83(m,1 H).6.90(s.1 H). 

7.11(s.1H).7.22(s.1H).7.88(d.2H.J=7.6Hz). 7.94(d.2H,J=7.6Hz),11.81(s.1H).12.84(brs.1H) 

Synthesis Example 34 

30 

4-fg.[5-f4-Methvl-7-isoprQPvlbenzofuran-2-vllPvrro lvnibenzoic acid 

[01 29] The title compound was obtained by the same procedure as the one of Synthesis Example 1 . 

35 ^H-NMR(DMSO-d6.^0MHz) 6 ; 1.33(d.6H,J=6.8Hz),2.44(s.3H), 3.41 (quint, 1H.J=6.8Hz).6.70(m,1H).6.84(m.1H), 
6.95{d. 1 H,J=7.6Hz),7.00(d.1 KJ=7.6Hz),7.22(s,1 H), 7.88(d,2H,J=7.6Hz),7.94(d.2H.J=7.6Hz).1 1 .80{s.1 H). 

12.84(brs.1H) 

Synthesis Example 35 

40 

4-{2-f5-f5-M6thQxv-7-ethvlbenzofuran -2-vnpvrrovmbenzoic acid 

[0130] The title compound was obtained by the same procedure as the one of Synthesis Example 1 . 

45 iH-Nf^R(DMSO-d6,400MHz) 6 ; 1.30(t.3H,J=7.6Hz), 2.87(q,1H.Ja7.6Hz),3.77(s,3H).6.69(m,2H), 
6.83(dd.1H,J=2.4.3.6Hz).6.97(d,1H.J=2.4Hz).7.12{s,1H). 7.88{d.2H,J=8.4Hz),7.94(d.2H.J=8.4Hz),11.80(s,1H). 
12.83(brs.1H) 

Synthesis Example 36 

so 

A.fg-[5-(5^Methoxv-7-n-pm PNHben2ofuran-2-vnpvrTolvmbenzQicactd 

[01 31 ] The title compound was obtained by the same procedure as the one of Synthesis Example 1 . 

55 iH.NMR(DMSOKl6.400MHz) 6 ; 0.94(t.3H.J-7.2Hz), 1.74(sexl.2H.Jo7.6H2).2.82(t.2H.J=7.6Hz),3.76(S.3H), 
6.66(S.1H).6.68(m.1 H).6.83(m.1 H).6.98(S.1 H). 7.l2(d.1H.J=1 .6Hz).7.88(d.2H J=8.4Hz).7.94{d,2H.J=8.4Hz). 
11.80(s.1H).12.83(br8.1H) 
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Synthesis Example 37 

4-{2-[$-(4-MgthoyY7-gthYii?enz9fiiran-g-Ynpyrr9lYnftenzow 

[0132] The title cr-rrjound was obtained by the same procedure ; 3 the one of Synthesis Example 1 . 

^H-NMR(D^ 400MHz) 6 ; 1 .28(t.3H,J=7.6H2). 2.84(q.2H.J=7.6Hz).3.87(s.3H),6.68(s,1H), 
6.69(d.1H,J- .;.6.82(s.1H)J.01(d,1H.J=8.0Hz), 7.23(s,1H),7.87(d,2H,J=8.0Hz),7,94(d.2H.J=8.0H2). 
11.73(s.1H), *;.80(brs,lH) 

Synthesis Example 38 

4-l2-f5-f4-Methoxv-7-n-Dropylbenzofuran -g-vl^DvrralvntbenzQic acid 

[01 33] The title compound was obtained by the same procedure as the one of Synthesis Example 1 . 

lH-NMR(Df^/ISO^J6.400MHz) 5 : 0.93(t,3H.J=7.6Hz),1.70(m,2H). 

2.79(t,2H,J=7.6Hz),3.88(s.3H).6.68(m,2H).6.82(m,1H), 6.99(d.1H.J-8.0Hz),7.23(s.1H).7.87(d.2H.J=8.0H2). 
7.93(d.2H,J=8.0Hz). 1 1 .73(6.1 H).1 2.68(brs. 1 H) 

Synthesis Example 39 

4-{2-[5-(lndanor4.5-blfuran-2-vl)DvrrQlvnibenzQicacid 

[0134] The title compound was obtained by the same procedure as the one of Synthesis Example 1 . 

iH-NMR(DMSO<l6.400MHz) 6 ; 2.14(quinl.2H.J=7.2Hz). 2.97(t2H.J=7.2Hz).3.10(t.2H,J«7.2Hz).6.68{m.1H), 
6.82(m.1 H),7.1 2(d. 1 H.J=7.6Hz).7.1 7(s, 1 H). 7.39(d.1 H.J»7.6Hz).7.88(d,2H.J=7.6Hz)J.94(d.2H,J=7.6Hz). 

11.81(s,1H),12.82{brs,1H) 

Synthesis Example 40 

4-{2-[5-(6.7-Dimethvlbenzofuran-2-vl)Dvrrolv!nben20ic add 

[01 35] The title compound was obtained by the same procedure as the one of Synthesis Example 1 . 

iH-NMR(DMSO-d6.400MHz) 6 ; 2.30(s,3H).2.42(s,3H). 6.69-6.72(m.1H),6.81-€.84(m,1H)J.02(d.1H,J=8.4Hz), 
7.1 1(s.1 H),7.30(d.1 H.J=8.4Hz).7.88(d.2KJ=8.4Hz). 7.94(d.2H,J=8.4Hz),11 .78(s,1 H),12.80(brs,1 H) 

Synthesis Example 41 

4-{2-[5-(7-PhenQxybenzofuran-2-vnDvrrolvinbenzoicacid 

[01 36] The title compound was obtained by the same procedure as the one of Synthesis Example 1 . 

iH-NMR(DMSOKl6.400MHz) 6 ; 6.56-6.59(m.1H),6.79^.84(m,2H). 7.07-7.21 (m,4H)7.25(s.1H).7.37-7.44(m.3H), 
7.87(d.2H.J=8-4Hz).7.93(d.2H,J=8.4Hz).1 1 .91(s.1 H). 12.82(brs.1 H) 

Synthesis Example 42 

4-(2-f5-f4-Fluoro-7-chlorobenzofuran-2-vl^pyiTolvnib enzQicactd 

[0137] The title compound was obtained by the same procedure as the one of Synthesis Example 1 . 

iH-NMR(DMSO-d6.400MHz) 5 : 6.79^.82(m.1H).6.86-6.89{m.1H). 

7.14(t.1H,J=8.8Hz).7.37(dd,1H,J=4.4.8.4Hz).7.38(s.1H). 7.90{d.2HJ«8.4Hz).7.96(d.2H,J«8.4Hz).11.97(d.1H). 
12.86(brs.1H) 



26 



EP0930075A1 

Synthesis Example 43 

4-f245-fS-Ruoro-7-chlorobenzofuran-2-vnDvn'olvmbenzoic acid 

[01 38] The title cx)nrpouncl was obtained b/ the same procedure as the one of Synthesis Exanrple 1 . 

^H-NMR(DMSO^l6.400MHz) 6 : 6.76-6.80{m.1H).6.84-6.88(m.1H). 

7.29(s. 1 H).7.34(dd, 1 H,J«2.4.8.4Hz).7.51 {dd. 1 H.J=2.4,8.4H2). 
7.90(d,2H J=8.4H2) J.96{d.2H.J=8.4H2),12.00(s.1 H). 12.86(bre.1 H) 

Synthesis Exanple 44 

4-(2-r5-f7-TrifluQromethvlbenzofuran-2-vl)Dvrrolvn)benzoic add 

[0139] The title compound was obtained by the same procedure as the one of Synthesis Example 1 . 

^H-NMR(DMSO-d6.400MH2) 6 : 6.72-6.75(m,1H).6.85^.88(m,1H), 

7.35{s.1H),7.40(t1H,J»7.6H2).7.56(d,1H.J=7.6Hz). 7.89{d.2H.J«8.4Hz),7.96(d,2H,J=8.4Hz).11.98(s.1H), 
12.83(brs.1H) 

Synthesis Example 45 

4-f2-[5-f5.7-Dichlorobenzofuran-2-vnDvrrQlvmbenzoicacid 

[0140] The title compound was obtained by the same procedure as the one of Synthesis Example 1 . 

^H-Nfi/IR(DMSO<l6.400MHz) 8 : 6.76-6.81 (m.1H).8.84-6.89(m.1H), 

7.28(sJ H)7.46(d J H,J=2.0Hz)7.76(d J H>2.0Hz). 7.89(d,2H J=8.4Hz) J.95(d.2H,J=8.4H^^ 

Synthesis Example 46 

4-l2-r5-f4.7-Dichloro-3-methvlbenzofuran-2-vl^Dvn'olvn\benzQic add 

[0141] The title compound was obtained by the same procedure as the one of Synthesis Example 1 . 

iH.NMR(DMSO^.400MHz) 6 ; 2.56{s,3H),6.69-6.73(m.1H). 6.89- 

6.93(m.1 H).7.30(d.1 H,J=8.8Hz).7.39(d,1 H.J=8.8H2). 7.94(s,4H).1 1 .97(brs,1 H). 12.82(brs,1 H) 

Synthesis Example 47 

4-(2-[5-(3.4.7-Trimethvlbenz ofuran-2-vnc3vrrolvniben2olc acid 

[0142] The title compound was obtained by the same procedure as the one of Synthesis Example 1 . 

^H-NMR(DMSO-d6.400MHz) 6 : 2.50(s.3H).2.53(s.3H),2.59(S,3H), 6.57(brB,1H),6.82- 

6.88(m.2H),6.94(d, 1 H J»7.2Hz)7.90(s,4H), 1 1 .70{brs J H).12.80(brs J H) 

Synthesis Example 48 

4-f2-r5-f7>lsooroDvtbenzofuran-2-vl)pvrrolvmbenzQicadd 

[0143] The title compound was obtained by the same procedure as the one of Synthesis Example 1 . 

^H-NMR{DMSO-d6.400MH2) 6 ; 1 .36(d,6H,J«7.6Hz). 3.45(quint1H,Ja7.6Hz),6.70-6.73(m.1H),6.83-6.86(m,1H), 
7.09-7.16(m.2H).7. 1 7(s, 1 H),7.43(d.1 H,J«7.6Hz). 7.88(d.2H,J=8.4Hz).7.95(d.2H,J=8.4Hz),11 .83(6.1 H), 

12.82(brs,1H4) 
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Synthesis Example 49 

4-(2-f5-(4.6-Dimethvlbenzofuran-2-vl^Dvrrolvn)benzoic add 

[0144] Tho title compound was obtained by the same procedure as the one of Synth s Example 1 . 

^H-NMR(DMSO<i5.400MHz) 8 ; 2.35(s,3H).2.43(s.3H). 6.65-6.68(m,1H).6.81-c ,4(m.1H).6.87(brB,1H). 16- 
7.21(m,2H).7.88(d.2H.J=8.4Hz),7.93(d.2H,J=8.4H2), 11.82(s.1H).12.79(brs.1H) 

Synthesis Example 50 

4-(245-(5.7-Dimethvibenzofuran-2-yl)pvnrolvniben2Qicacid 

[0145] The title compound was obtained by the same procedure as the one of Synthesis Example 1 . 

^H-NMR(DMSCkl6.400MHz) 5 ; 2.32{s.3H).2.45(s,3H). 6.68-6.71 (m,1H),6.80-6.83(m,1H).6.88{d.1H,Jo1.2Hz), 
7.10(8,1 H).7.20{d.1 H,J=1 .2Hz),7.86(d,2H,J==8.4Hz), 7.93(d,2H,J=8.4Hz),1 1 .78{s.1 H),12.80(brs,1 H) 

Synthesis Example 51 

4-{2-[5-(4-MethoxY-7-methylbenzofuran-2-vl)Dvrrolvlllbenzoicacid 

[0146] The thte compound was obtained by the same procedure as the one of Synthesis Example 1 . 

^H-NMR(DMSOkJ6.400MHz) 5 ; 2.41(s,3H).3.86{s.3H), 6.66-6.70(m.2H),6.81-6.85(m,1H),6.99(d.1H,J=7.6Hz), 
7.24(s.1H).7.88(d.2H.J=8.4Hz),7.94(d,2H.J=8.4H2), 11.75(s,1H),12.80(brs,1H) 

Synthesis Example 52 

4-l2-f5-f7-Ethoxvbenzofuran-2-yl)pvrrolvnU)en2oicacid 

[0147] The title compound was obtained by the same procedure as the one of Synthesis Example 1 . 

^H-NMR(DMSOKl6.400MHz) 6 : 1.40(t3H,J=7,6Hz). 4.25(q,2H,J=7.6Hz).6.68-6.71(m,1H).6.81-6.84(m.1H). 
6.87(d.1H.J=7.6Hz).7.12(t.1H.J=.7.6Hz),7.16-7.19(m.2H). 7.89{d,2H.J=8.4H2),7.94{d,2H.J=8.4Hz).11.87(s,1H). 
12.78(brs,1H) 

Synthesis Example 53 

4-{2-[5-f7-Chloro-4-methvlbenzofuran-2-vl)DvrrQlvnibenzQicacid 

[0148] The title compound was obtained by the same procedure as the one of Synthesis Example 1 . 

^H-NMR{DMSO<l6,400MHz) 6 ; 6.73-6.76(m,1 H).6.84-6.87(m.1 H). 

7.05(d.1 H.J=:8.0Hz).7.22(d.1 H.J=8.0Hz),7.33(S,1 H). 7.90(d.2H,J=8.4Hz),7.95(d.2H,J=8.4Hz),1 1.93(s.1 H), 

12.88(brs.1H) 

Synthesis Example 54 

4-f2-r5-f7-Methoxvbenzofuran-2-vnDvrrolvnibenzoicacid 

[0149] The title compound was obtained by the same procedure as the one of Synthesis Example 1 . 

iH-NMR(DMSO-d6.400MHz) 8 : 3.93(s,3H).6.68^.71(m.1H). 6.81- 

6.84(m,1H),6.88(dd.1H,J=1,2.8.0Hz),7.14(t1H,J=8.0Hz), 

7.18{s,1H).7.19(dd.1H.J=1.2.8.0Hz).7.89(d,2H.J=8.4Hz). 7.94(d.2H.J-8.4Hz).11.87(s,1H).12.84(brs.1H) 
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Synthesis Example 55 

4-{2-r5-f7-Ethv lbenzofuran-2-vnpvrrolvmbenzQicacid 

[01 50] The title compound was obtained by the same procedure as the one of Synthesis Example 1 . 

^H-NMR(DMS<>d6.400MH2) 5 : 1 .30(t3H.J=7.6Hz). 2.90(q.2H.J=7.6H2).6.70-6.73{m,1H).6.82-6.85(m.1H). 
7.08{dd.1H.J=0.8.8.0Hz)J.14(t.1H.J=8.0Hz). 7.44(dd,1H.J=0.8.8.0Hz).7.88(d.2H.J=8.4Hz). 
7.94(d.2H,J=8.4Hz), 1 1 .82(s. 1 H). 12.83(brs. 1 H) 

Synthesis Example 56 

4-f2-f5-f7-Phenylbenzofuran-2-yl)pvrrolvf ftbenzoic acid 

[01 51 ] The title compound was obtained by the same procedure as the one of Synthesis Example 1 . 

1 H-NMR(DMS<>d6.400MHz) 8 ; 6.68-6.71 (m. 1 H),6.83-6.86(m.1 H), 7.28(s, 1 H),7.32(t. 1 H.J=7.6H2).7.40- 
7.48{m,2H). 7.56(t.2H.J=7.6H2).7.63{d.1H,Ja7.6Hz).7.88(d.2H.J=8.4Hz). 7.92- 

7.98(m,4H),11 .90(s,1 H).12.84(brs.1 H) 

Synthesis Example 57 

4-{2-f5-(7-Meth ylbenzofuran-2-vnDvrrolvn)benzoicacid 

[0152] The title compound was obtained by the same procedure as the one of Synthesis Example 1 . 

iH-NMR(DMSO<l6.400MHz) 8 : 2.52(s.3H).6.71-6.74(m.1H). 6.83- 

6.86(m,1 H).7.06(d,1 H.J=7.2Hz)7.12(t,1 H.J=7.2Hz), 7.1 8(S.1 H)7.43(d.1H,J=7.2Hz).7.89(d,2H.J=8.4Hz), 

7.95(d.2H, J =8.4Hz), 1 1 .83(s. 1 H). 1 2.82(brs, 1 H) 

Synthesis Example 58 

4-(2-r5-f4.5-Dimethvlbenzofuran-2-vl>Dvn-olvnibenzoicadd 

[0153] The title compound was obtained by the same procedure as the one of Synthesis Example 1 . 

lH-NMR(DMSO-d6.400MHz) 5 : 2.34(s.3H),2.46{s.3H), 

6.70(dd.1 H,J=2.4,3.6Hz),6.83(dd.1 H^=2.4.3.6Hz),7.1 1 (s,1 H). 7.22(s,1 H).7.87- 

7.95(m,4H),1 1 .80(s.1 H).12.79{s,1 H) 

Synthesis Example 59 

4-(2-r5-f4-Methvlbenzofuran-2 -vnDvrrQlvnibenzoicacid 

[01 54] The title compound was obtained by the same procedure as the one of Synthesis Example 1 . 

lH-NMR(DMSO-d6,400MHz) 6 : 2.51(s.3H).6.72-6.73(m.1H). 6.84- 

6.85{m.1H).7.06(d,1H,J=7.2Hz).7.12{dd,1H>5.2,5.2Hz). 7.10(s.1H).7.44(d,1H,J=7.6Hz),7.89(d,2H.J=a4Hz). 
7.95(d.2H.J=8.4Hz) 

Synthesis Example 60 

4-f2-r5-f4-ChlorQbenzofuren- 2.vnDvrrolvnibenzoicacid 

[01 55] The title compound was obtained by the same procedure as the one of Synthesis Example 1 . 

^H-NMR(DMSad6.400MHz) 5 ; 6.78-6.80(m.1H),6.86-6.87(m,1H). 7.24- 

7.33(m.3H),7.57(d,1H,J=8.0Hz).7.92(d.2H,Jo8.4H2), 7.95(d,2H,J=8.4Hz),11.97(s,1H),12.87(brs,1H) 
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' Synthesis Exanrple 61 

4-{2-{5-(5-Chlorobenzofuren-2-ynpvrrolvnibenzoicacid 
5 [01 56] The title compound was obtained by the same procedure as the one of Synthesis Example 1 . 

lH.NMR(DMSO<l6.400MHZ) 5 : 6.74-6.75{m.1H).6.82-6.84(m.1H). 

7.20(s,1 H)7.25(dd.1H,J=2.0.8.4Hz).7.58{d.1 H.J=8.8Hz). 7.73(d.1 H.J=2.0H2).7.87(brd.2H.J=8.4Hz). 

7.94{brd.2H,J=.8.4Hz) 

ro 

Synthesis Example 62 

4-f2-f5-(4-7-Dim6thvlbenzofuren-2-v nfurvnibenzoicacld 

15 [01 57] The title conpound was obtained by the same procedure as the one of Synthesis Example 1 . 

1 H-NMR{DMSO-d6.400MHz) 6 : 2.46{s,6H).6.97(d.1 H,J=7.6Hz). 

7.04(d.1H,J=7.6H2).7.11(d.1H.J«4.0Hz).7.35(d.1H.J=4.0H2), 7.40(s.1H).7.95(d.2H,J=8.4Hz).8.01{d.2H.J=.a4Hz) 

20 Synthesis Example 63 

4-{2-[5-f4.7-Dimethylben zQfuran-2-vl^thienvnibenzoicacid 

[01 58] The title conrpound was obtained by the same procedure as the one of Synthesis Example 1 . 

1 H-NMR(DMSO-d6.400MHZ) 8 : 2.42(s,6H),6.96(d.1 H.J=7.2Hz). 

7.02(d J H.J=7.2Hz)7.38(s J H) J.68(d J H J=4.0Hz). 7 J6(d J H J=4.0Hz) J.85{d.2H J=7,6H^ 

Synthesis Example 64 

30 

4- {2-f5-f4.7-Dichlorobenzofuran-2-vhfurvinbenzoicadd 

[01 59] The title compound was obtained by the same procedure as the one of Synthesis Example 1 . 

35 1H-NMR(DMSOk16.400MH2) 5 ; 7.30(d.1H,J=3.6H2).7.38-7.42(m,2H). 7.47(d,1H,J=8.0Hz).7.52(s,1H).7.97- 
8.03(m.4H) 

Synthesis Example 65 

40 4-{2-r5-(4.7-Dichlnrobenzofur an-2-yl)thienvinbenzo!C acid 

[0160] The title compound was obtained by the same procedure as the one of Synthesis Example 1 . 

iH-NMR(DMSO<l6.400MHz) 6 ; 7.39(d.1H,J=8.0Hz). 7.45(d.1H,J=8.0H2).7.55(S.1H).7.80(d.1H.J=4.4Hz). 7.84- 
45 7.90(m.3H).7.98(d,2H.J=8.4Hz) 

Synthesis Example 66 

5- f245-f4.7-Dimethvlb6nzofuran-2-vl^pvrrolvnithiophene-2-cartx?xy|icqcM 

so 

[01 61 ] The title conpound was obtained by the same procedure as the one of Synthesis Example 1 . 

lH-NMR(DMSO-d6.400MHz) 6 ; 2.43(s.3H).2.45(s.3H). 6.62-6.65(m.1H).6.66-6.69(m.1H).6.92(d.1H.J=7.6Hz). 
6.96(d,1H,J=7.6Hz)7.19(s.1H)7.45(dJHJ=3.6Hz).7.67(dJH,J=3.6Hz)J1.96(^^ 
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Synthesis Example 67 

A. {p.f5-r2.34.7-Tetramet hvtberttOfuran^'?-Yf)r^ acid 

5 [0162] The title compound was obtained by the same procedure as the one of Synthesis Example 1 . 

lH-NMR(DIWISCkl6.400MH2) 6 ; 2.28(S.3H).2.35(s.3H).2.37(s.3H). 

2.57{s.3H).6.16(brs.1 H).6.75(brs.1 H).7.06(s.1H). 7.80(d.2H.J«8.4Hz).7.86{d.2H ,J=8.4Hz),1 1 .36(brs.1 H). 
12.69(brs.1H) 

10 

Synthesis Example 68 

A-f2-[5-(2.3>Dimethviben zofuran-5-v1^DvrrQlvmbenzoicadd 

IS [0163] The title compound was obtained by the same procedure as the one of Synthesis Example 1 . 

^H-NMR(DMSOHd6,400MHz) 6 : 2.18{s.3H).2.35(s.3H).6.59(brs.1H), 

6.73(brsJH)J.42(d.1HJ=8.2Hz)7.61(dd,1HJ=2.0,8.2Hz),7.82-7.94(m,5H)J1^ 

20 Synthesis Example 69 

A-{2-[5-(7-ChlQrfthftnznthiQPhen*2-vftDvrrolvmbenzolcacid 

[0164] The title compound was obtained by the same prcxiedure as the one of Synthesis Example 1 . 

25 

^H-NMR(DWSO-d6.400MH2) 5 ; 6.65-6.68(m,1H),6.80-6.83(m.1H). 7.38-7.42(m.2H) J.76-7.82(m.1H).7.80{s.1H). 
7.89{d.2H,J=8.4H2).7.94(d.2H.J=8-4Hz),1 1 .87(s.1 H), 12.82(brB,1 H) 

Synthesis Example 70 

30 

4-{2-r5-(5.7-Dimethvlbenzothiophen-2-vnDvrrolvmbenzoic acid 

[0165] The title compound was obtained by the same procedure as the one of Synthesis Example 1 . 

3S iH-NMR(DMSO<l6.400MHz) 6 : 2.36{S,3H),2.42(6.3H), 6.54-6.56(m,1H).6.77-6.79(m.1H).6.96(s.1H)7.43(8.1H). 
7 71 {S J H)7.88(d2H,J=84Hz)7.93(d.2H J=8.4Hz). 1 1 76(s. 1 H) J 2.76(brs, 1 H) 

Synthesis Example 71 

40 4-{2-r5-f7-n-Pro pylbenzothiophen-2-vnpvrrolvnibenzoicacid 

[0166] The title compound was obtained by the same procedure as the one of Synthesis Example 1 . 

^H-NMR(DMSOKl6.400MHz) 5 ; 0.96(t3H.J=7.2Hz). 175(6ext2H,J»7.2Hz),278(t2H.Jo7.2Hz).6.56-6.59(m.1H). 
45 678-6.81(m.1H)7.13{d.1H,J=7.2Hz)7.30(t.1H.Jo7.2Hz). 7.63(d.1H.Ja7.2Hz)778(s,1H)7.89(d,2H.J=8.4Hz). 
7.93{d.2KJ=8.4Hz).11.77(s,1 H).12.78(brs. 1 H) 

Synthesis Example 72 

so 4-{2>f5-f5-Flouro-7-methvlben 2Qthloohen-2-vl>Pvnrolvmbenzolc acid 

[0167] The title compound was obtained by the same procedure as the one of Synthesis Example 1 . 

1 H-NMR(DMSC>d6.400MHz) 6 ; 3.32{s.3H).6.59^.62(m,1 H), 679-6.82(m.1 H)7.0S(dd.1 H,Jo2.4,9.0Hz). 
55 7.48(dd.1H,J»2.4.9.0Hz)7.77(s.1H)7.89(d,2HJ=8.4Hz).7.94{d.2HJ=8.4H^ 
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Synthesis Example 73 

4-l2-f5-(5-Chloro-7-methvlbenzothiophen-2-vnpvrrolvnfeenzoicacid 

[01 68] The title compound was obtained by the same procedure as the one of Synthesis Example 1 . 

^H-NMR{DMSa<l6.400MHz) 5 : 3.30(s,3H),6.60-6.62(m.1H). 6.79- 

6.82(m.1H).7.19{d.1H,J=1.6Hz),773{d.1HJn1.6H2). 7.75{s.1H).7.88(d.2H.J=8.4Hz).7.94{d.2H.J=8.4H2). 
11.88(s,1H).12.80(brs.1H) 

Synthesis Example 74 

4-f2-r5-(7-EethvlbenzothioDhen-2-vl^Dvrrolvinbenzoicacld 

[01 69] TTie title compound was obtained by the same procedure as the one of Synthesis Example 1 . 

iH-NMR(DMSO-d6.400MHz) 5 ; 1.32(t.3H,J-7.6Hz), 2.82(q.2H,J=7.6Hz).6.57-6.59(m.1H).a78-6.81(m,1H), 
715{d,1H,J=7.6H2).7.31(t.1H.J=7.6Hz)7.64(d.1H.J=7.6Hz), 7.79(s.1H).7.89(d,2H,J«8.4H2).7.94(d,2H,J=8.4Hz), 
11.78{s,1H),12.83(brs.1H) 

Synthesis Example 75 

4-{2-[5-(7-ChlQrQ-4-mehyli3enzQthiophen-2-Yl)pyrrplylI}benzQicacicl 

[01 70] The title compound was obtained by the same procedure as the one of Synthesis Example 1 . 

^H-NMR(DMSO-d6.400MHz) 6 2.56(s.3H),6.65-6.67(m.1H). 6.80- 

6.83(m.1H),7.20(d,1H,J«7.6Hz),7.29(d,1H,J=7.6Hz). 7.89{d.2H,J=8.4Hz).793(s,1H).795(d,2H.J=8.4Hz). 
11 .83(5,1 H). 1 2.82(brs. 1 H) 

Synthesis Example 76 

4-{2-[5-(7-lsop ropylbenzothiophen-2-Yl)pYrrQlyl]}t?gn2oicapid 

[01 71 ] The tKle compound was obtained by the same procedure as the one of Synthesis Example 1 . 

lH-NMR(DMSOKJ6.400f^/IHz) 6 ; 1 .33{d,6H,J=7.6Hz). 3.10(qulnt.1H.J=7.6Hz).6.56-6.59(m.1H),6.78-6.81{m,1H), 
7.20(d,1H,J=7.6Hz),7.33(t.1H,J^7.6Hz),7.63(d.1H,J=76Hz). 7.78{s,1H)7.89(d,2H,J=8.4H2),7.94(d.2H,J=8.4Hz), 
11.78(s,1H),12.82(br5,1H) 

Synthesis Example 77 

4-(2-f5-f4.7-Dimethvlbenzothloohen-2-vl)DvrTOtvnibenzoicacid 

[01 72] The title compound was obtained by the same procedure as the one of Synthesis Example 1 . 

lH-NMR(DMSO<l6.400MHz) 8 : 2.42{s.3H),2.54{s.3H). 6.56-6.59(m,1H).6.78-6.81(m,1H).7.02(d.1H.J=6.8Hz). 
7.08(d. 1 H.J=6.8Hz).7.89(s, 1 H).7.90(d.2H, J=8.4Hz). 7.94(d.2H.J=8.4Hz).1 1 .76(s.1 H).1 2.83(brs.1 H) 

Synthesis Example 78 

4-{2-f5-f4.7-D ichlorQbenzothiQphen-2-vl)pyrrQlvnibenzoicacid 

[01 73] The title compound was obtained by the same procedure as the one of Synthesis Example 1 . 

^H-NMR(DMSO-<l6,400MHz) 6 : 6.73-6.76{m,1 H).6.82-6.85(m.1 H). 

7.41(d.1H.J=8.0Hz)7.49(d,1H.J=8.0H2),791(d.2H,J=8.4Hz), 

7.96(d.2H,J=8.4Hz),7.98(s, 1 H). 1 1 .98(s. 1 H) ,1 2.86(brs. 1 H) 
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Synthesis Example 79 

4>f2-f5-f347-Trimethvibenzrt hioDhen-2-vnc>yrroM1toenzoicacid 

[0174] The title compound was obtained b/ the same procedure as the one of Synthesis Exanrple 1 . 

iH-NMR(DMSCKl6,400MHz) 6 ; 2.40{s.3H),2.66(s.3H).2.72{s.3H). 6.38-6.41 (m.1 H),6.79-6.82(m.1 H).6.94- 
7.10(m.2H), 7.78-7.96(m.4H).11.65(s.1H) 

Synthesis Example 80 

4-(2-r5-fB-MethoxvmethvlnaDhthalen*2-vn Dvnrolvmben20ic acid 

[0175] The title compound was obtained by the same procedure as the one of Synthesis Exanrple 1 . 

^ H-NfwlR(DMSO<J6,400MHz) 6 ; 3.41 (s,3H),4.97(s.2H),6.81 (m.1 H), 

6.83(m.1 H),7.40(t,1 H.J=7.6Hz).7.50(d,1 H.J=6.8Hz), 7.81 (d,1 H.J=8.0Hz),7.90- 

7.97(m,6H).8.34(s.1 H),1 1 .63(sJ H). 12.83(br8,1 H) 

Synthesis Example 81 

4-f2-f5-(8-Etho xYnaphthalen-2-vnpvrrolvntoenzQicacld 

[0176] TTie title compound was obtained by the same procedure as the one of Synthesis Example 1 . 

iH-NMR(DMSO<l6,400MH2) 5 ; 1.51(t3H.J=6.8Hz). 4.26(q,2HJ=6.8H2),6.73(m,1 H),6.83{m.1 H), 
6.95(d.1H,J=7.6Hz).7.34{t1H.J=8.0Hz).7.41(d.1HJ=8.0Hz). 7.86(d.1H.J=8.8Hz).7.92- 
7.95(m.5H).8.48(s.1 H).1 1 .70(s, 1 H) 

Synthesis Example 82 

4-{2-r5-f8-lsopropoxvnaDhthalen-2-vllDvr rolvn\benzoic acid 

[0177] TTie title compound was obtained by the same procedure as the one of Synthesis Example 1 . 

^H-NMR(DMSOkJ6.400MH2) 6 ; 1 .43(d,6H,J=6.0Hz). 4.82(quint.1 H.J=6.0Hz),6.71(m,1 H).6.82(m.1 H). 
7.33(t. 1 H. J=8.0Hz).7.39(d. 1 H.J=7.6H2),7.85(d. 1 H.J=8.8H2). 7.93(m,5H).8.44(s,1 H). 1 1 .70(s, 1 H) 

Synthesis Example 83 

4-f2-f5-f8-MethoxvnaDhthalen-2-vnDyrrolvniben2oic acid 

[0178] The title compound was obtained by the same procedure as the one of Synthesis Example 1 . 

^ H-Nfy!R(Df^/ISO-d6.400MHz) 6 ; 4.01 (s.3H),6.76(m.1 H).6.82(m,1 H). 

6.97(d,1H,J=7.6H2).7.36(t.1H,J=8.0Hz),7.42(d,1H^=8.0H2). 7.85(d,1H,J=8.8H2).7.90- 
7.96(m.5H).8.55(s.1 H).l 1 .69(6, 1 H) 

Synthesis Example 84 

4-(2-f5-(8-(2-F urvl)naDhthalen-2-vnDvrrolvfm}enzoicacid 

[0179] The title compound was obtained by the same procedure as the one of Synthesis Example 1 . 

^H-NMR(DMSO-d6.400MHz) 6 ; 6.72(dd,1H.J=2.0.3.6H2). 6.75(dd,1H,J=1.6.3.2Hz),6.83{dd,1HJ=2.0.3.6Hz). 
7.05(d.1H,J=3.2Hz).7.50(t1H.J=8.0Hz). 7.74(dd.1H,J=1.2,7.2Hz),7.88-7.94(m.5H).8.01{s.2H), 
8.62(s.1H).11.70{s,1H) 
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Synthesis Example 85 

4-(2-^5-a-Hvdroxv-8-isoDfO Penvlnaphthalen.2-vnDvrrolYnibenzoicacM 
5 [01801 The title corT^ound was obtained by the same procedure as the one of Synthesis Example 1 . 

^H-NMR(DMSO-d6.400MHz) 6 : 2.10(s.3H).4.89(m.1H).5.49{rT ). 

6.61{dd.1H,J=2.4.4.0Hz),6.79(dd.1H.J=2.4.3.6H2). 7.D9(dd.1H,J=2.0.8.4H2).7.64(d.1H.j39. 4. 

7.71 (d, 1 H. J=8.8Hz),7.89(d,2H. Jn8.4Hz).7.92(d,2H.J=8.4Hz), 8.01 (s. 1 H),9.40(s,1 H),1 1 .66(s.1 H) 

10 

Synthesis Example 86 

4-{2-[5-(8-(1 -Methoxvethv l)naphthalen-2-vllDvrrolvnibenzQic acici 

IS [0181 1 TTie title conpound was obtained by the same procedure as the one of Synthesis Example 1 . 

iH-NMR(DMSOKl6.400MHz) 6 : 1.50(d.3H.J=6.0Hz).3.24{s.3H). 

5.32(q,1 H.J=6.4Hz).6.82(s.2H)7.45(t. 1 H.J=7.6Hz). 7.53{d. 1 H.J=6.8H2).7.78{d.1 H.J=7.6H2).789-7.97(m,6H). 
8.41(s,1H),11.58(s.1H) 

20 

Synthesis Example 87 

4.{2.[fi.(8.f2-Thienvl^naphthalen-2-vl)DvrrQlYniben2Qicacicl 

25 [01 82] The title conpound was obtained by the same procedure as the one of Synthesis Example 1 . 

1 H-NMR(DMSO^6.400MHz) 5 : 6.62{m.1 H).6.81 (m.1 H).7.29{m.1 H), 

7.45(m.1 H).7.49(t.1 H.J=7.6Hz).7-57(d,1 H,J=7.2Hz). 7.73(m,1 H).7.85-7.94(m.5H).8.03(s,2H).8.47(s.1 H). 

11.66(S,1H) 

30 

Synthesis Example 88 

4-l2.r5-f5-MethQxv-8-isop roDenvlnaDhthalen-2-vnDyrrolYnibenzoicac>d 
35 [0183] The title compound was obtained by the same procedure as the one of Synthesis Example 1 . 

iH-NMR(DMSOHd6.400MH2) 6 ; 2.20(s.3H).3.96(s,3H).5.04(s.1H), 

5.42(s.1H).6.70{m,1H),6.81(m,1H).6.87(d.1H,J=8.0Hz). 7.24(d,1H,J=8.0Hz).788- 
7.96(m,5H).8.1 9(m,2H),1 1 .66(s,1 H) 

40 

Synthesis Example 89 

4-{2.[5-f5-Methoxv-8-isop rQO^rtnaphthalen-2-vl)DvrrolvmbeTO^ 

45 [01841 The title compound was obtained by the same procedure as the one of Synthesis Example 1 . 

1 H-NMR(DMS(>d6.400MHz) 6 ; 1 .33(d.6H.J-6.8Hz). 3.85(quint1 H. J»6.8Hz).3.93(6.3H).6.82(s,2H). 
6.86(d.1H,J=8.0Hz).7.32(d,1H.J=8.0H2).7.86-7.96(m.5H), 8.16(d.1H.J=8.4Hz).8.41(s.1H).11.62(s,1H) 

50 Synthesis Example 90 

ii.p-[fi-f5-MgthQxv-8-eth ylnaphthalen-2-vnnvrrolYnibenzQicacid 

[01851 The title conpound was obtained by the same procedure as the one of Synthesis Example 1 . 

lH-NMR{DMSO^6.400MHz) 6 : 1.31(t3H.J=7.2Hz). 3.09(q.2H,J=72Hz).3.93{s.3H).6.80-6.84(m,3H). 
7.25(d.1H.J-8.0Hz),7.88-7.96(m.5H),8.15(d.1H,J=8.8Hz). 8.33(S.1H) 
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Synthesis Example 91 

4-f2-r5-fS-Methoxy-8-methvlnap mha!en-2-vntwol^ 

[0186] The title compound was obtained by the same procedure as the one of Synthesis Example 1 . 

iH-NMR(DMS(>d6.400MH2) 6 ; 2.63(s.3H).3.92{s.3H). 6.77-6.82(m.3H).7.24(d.1H,J=8.0Hz).7.86-7.95(m.5H), 
8. 1 3(d, 1 H, J=8.8H2).8.28(S. 1 H), 1 1 .62(s. 1 H) 

Synthesis Example 92 

4-f2-f5-f7-Chlor o-5-methoxvbenzofuran>2>vnpvrrolvmben2oicacid 

[0187] The title compound was obtained by the same procedure as the one of Synthesis Example 1 . 

^H-NMR(DMSO<l6,400MHz) 6 ; 3.80(s,3H).6.72-6.75{m.1H), 6.84- 

6.86(m,1H),6.95(d,1H.J=2.0H2).7.18{d.1H,J=2,4Hz), 7^(s,1H).7.89(d.2H,J=8.4Hz),7.95(d.2H,J=8.4Hz), 
11.94(brs.1H) 

Synthesis Example 93 

4-{2-[5-(7-ChlorQ-5-methvibenzofuran-2-vnDvrrQ!vntoenzoicacid 

[0188] The title compound was obtained by the same procedure as the one of Synthesis Example 1 . 

^H-NMR(DMSO-d6.400MH2) 6 ; 2.37(s.3H).6.71-6.75(m.1H), 6.83-6.87(m,1H),7.17(d.1H.J=0.4Hz)7.21{s,1H), 
7.40(d. 1 H.J=0.4Hz),7.89{d.2H. J=8.4Hz),7.95(d.2H.J=8.8H2), 1 1 .93(brs, 1 H) 

Synthesis Example 94 

4-(2-r5-f7-Chloro-5-ethvlbenzofuran-2-vnpvnolvnibenzoicacid 

[0189] The title compound was obtained by the same procedure as the one of Synthesis Example 1 . 

^H-NMR(DMSO-d6.400MHz) 6 ; 1.22(d.3H.J=7.5Hz). 2.67(q,2H.J=7.5Hz).6.73(dd,1H,J=2.4.3.6Hz). 
6.85(dd.1H.J=2.8.3.2Hz)7.18-7.19(m.1H).7.23(s,1H). 7.43-7.44(m.1H).7.89(d.2H,J=8.4Hz).7.95(d.2H.J=8.8Hz). 
11.93(brs.1H) 

Synthesis Example 95 

4-{2-[$-(7-0hlprp-4.5-cfim9thYlt?9nzqfwran-2-YllpYrrc>lYn}t?g^^^ 

[0190] The title compound was obtained by the same procedure as the one of Synthesis Example 1 . 

^H-NMR(DMSOKl6.400MHz) fi ; 2.29(s.3H).2.36{s.3H). 6.70-6.74(m.1H).6.82-6.86{m.1H)J.15(s.1H).7.31{s.1H). 
7.89(d,2H.J=7.6Hz),7.95(d,2H,Jo7.6H2).11.91{brs,1H) 

Synthesis Example 96 

4-(2-r5-f5-Ethvl-7-methvlbenzofuran-2-vnDvrrolvtl)ben2oic acid 

[01 91 ] The title compound was obtained by the same procedure as the one of Synthesis Example 1 . 

iH-NMR(DMSOKj6.400MH2) 6 ; 1.21(t,3HJ=7.6Hz). 6.63(q,2H.J=7.6Hz).6.67-6.72(m,1H),6.80-6.85{m.1H). 6.88- 
6.93(m.1 H),7.12(s,1 H),7.22-7.26(m,1H). 7.88(d.2H,J=8.4Hz),7.94{d,2H,J=8.4Hz).1 1 .80(brs.1H) 
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Synthesis Example 97 

4-{2-f5-(7-Chloro-5-i$QprgpenYlbenzofMran-2-yl)pYrrQlYnit>gnz9ig acW 

[0192] The title compound was obtained by the same procedure as the one of Synthesis Example 1 . 

^ H-NMR(DMSOKj6.400MHz) 6 ; 2.1 6(s.3H) ,5. 13-5.1 4{m,1 H), 5.47-5.48(m.1 H),6.74-6.78(m. 1 H).6.84- 
6.88(m.1 H).7.28{s.1 H). 7.47(d.1 H.J=1 .6Hz).7.73(d. 1 H, J=1 .6Hz),7.90(d,2H.J=8.4Hz). 

7.95(d.2H,J=8.8Hz),1 1 .97(brs.1 H) 

Synthesis Example 98 

4-(2-r5-(S.7-Dichloro-3-methvlbenzofuran-2-vltovrrolvni benzoic add 

[01 93] The title compound was obtained by the same procedure as the one of Synthesis Example 1 . 

iH-NMR(DMSO<j6.400MHz) 6 ; 2.35(s,3H).6.66-6.70(m,1H), 6.80-6.84{m,1H).7.45-7.49(m,1H).7.68-7.72(m.1H), 
7.80-7.90(m,4H). 1 1 .84(brs, 1 H) 

Synthesis Example 99 

4-{2-[5-(7-ChlQrQ-4-ethyibenzQfuran-2-Yl)PYrrolYn}benzQic acid 

[0194] The title compound was obtained by the same procedure as the one of Synthesis Example 1 . 

iH-NMR(DMSO<l6,400MHz) 5 ; 1 .28(t3H.J=7.6Hz). 2.83(q,2H.J=7.6Hz),6.74-6.76(m,1H).6.84-6.87(m.2H), 
7.07{d. 1 H,J=8.0Hz) J.25(d.1 H.J=8.0Hz),7.37(s.1 H), 7.90(d.2H,J-8.4Hz).7.95(d.2H,J=8.4Hz).1 1 .91 (brs.l H) 

Synthesis Example 100 

4-l2-r5-f4.5.7-Trimethvlbenzofuran-2-vllDyrrolvn)benzoicacid 

[0195] The title conpound was obtained by the same procedure as the one of Synthesis Example 1 . 

^H-NMR(DMSO-d6,400MHz) 6 ; 2.26(S.3H).2.35(S.3H).2.43(S,3H), 6.67-6.71{m.1H).6.81- 
6.85(m.1 H),6.87(s.1 H),7.21(s,l H). 7.88(d,2H.J=8.4Hz),7.94(d.2H,J=8.0Hz),1 1 .78(brs.1 H) 

Synthesis Example 101 

4-{2-[5-(6-ChlQro-7-n-propy lbenzofuran-2-yl^pvrrQlvntoenzoic acid 

[0196] The title compound was obtained by the same procedure as the one of Synthesis Example 1 . 

iH-NMR(DMSO<i6,400MHz) 6 : 0.96(t,3H.J=7.6Hz),1.64-1.76(m.2H). 2.95-3.03(m.2H),6.73-6.76(mJH).6.83- 
6.87(m,1H).7.19(s.1H). 7.26(d.1H.J=:8.8Hz),7.47(d,1H.J=8.8Hz).7.89(d.2H,J=8.0Hz), 
7.96{d.2H,J=8.4Hz),11.87(brs.1H) 

Synthesis Example 102 

4-f2-r5-(4-Chlo ro-7-n-butvlbenzofuran-2-v»Dvrrolvn>benzoicacid 

[01 97] The title compound was obtained by the same procedure as the one of Synthesis Example 1 . 

iH-NMR(DMSO-d6.400MHz) 6 ; 0.92(t,3H.J=7.6Hz), 1. 29-1 .38(m,2H).1. 64-1 .74(m.2H).2.84-2.92(m,2H), 6.75- 
6,79(m.1 H).6.83-6.87(m.2H).7-08(d.1 H,J=7.7Hz). 7.22(d.1H.J=7.7Hz),7.28(s,1 H),7.88(d.2H.J=8.8Hz), 

7.96(d.2H.J=8.8Hz).11.90{brs.1H) 
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Synthesis Exanple 103 

4.f2-f5-f3.5-Dichloro-4.7<iimethvibenzofuran-2-vnDvn'olynmenzoic^^^ 

[01 98] The title compound was obtained by the same procedure as the one of Synthesis Example 1 . 

^H-NMR(DMSC>d6.400MH2) 6 ; 2.53(s.3H).2.69(s,3H), 

6.93(dd, 1 H,J=2.4.4.0Hz),7.01 (dd, 1 H,J=2.4.4.0Hz).7.27(s,1 H), 7.95(s,4H).1 1 .94(brs. 1 H) 

Synth^is Example 104 

4-f2-f5-(3-Chloro-4.7-dimethvlbenzofuran-2 -vl^Dvrrolvmben20ic add 

(A) Methyl 4-{2-[5-(3-chloro-4,7-dimethy!benzofuran-2-yOpyrrolyl]}benzoate 

[0199] Methyl 4-{2-[5-(4 J^methylbenzofuran-2-yl)pyn-olyl])benzoate (0.30 g) was dissolved In N,N-dimethylfbrma- 
mide (10 ml). After adding N-chlorosuccinimide (0.13 g), the resultant mixture was stirred at room temperature for 14 
hr. After adding ethyl acetate (30 ml) to the liquid reaction mixture, the organic layer was washed with brine and dried 
over anhydrous magnesium sulfate. After filtering off the desiccant. the filtrate was concentrated. The resulting crude 
product was purified by silica gel column chromatography and the resulting solid was washed with methanol to give tiie 
title compound (0.12 g) as pale yellow crystals. 

^H-NMR(CDCl3,400MH2) 6 ; 2,50(s.3H),2.71(s.3H),3.92(s,3H), 6.77- 

6.80(m,1H).6.91(d,1H.J=7.6Hz),6.98{dJH.J=7.6Hz), 701-7.04(m.1H).7.63(d,2H.J=8.4Hz),8.08(d.2H.J=8.4Hz). 
9.23(brs.1H) 

(B) 4-{2-[5-(3-Chloro-47-diniethyibenzofuran-2-yl)pyrrolyl]}benzoic acid 

[0200] The title compound was obtained by the same procedure as the one of Synthesis Example 1 (D). 

^H-NMR(DMSOkJ6.400MHz) 6 : 2.52(s.3H),2.65(S,3H), 6.90-6. 93(m. 1 H). 6.95-6.99(m.2H)7.04- 
7.08(m.1H),7.95(s.4H). 11.89(brB.1H) 

Synthesis Example 105 4-{2-[5-(4.7-Diethylbenzofuran-2-yl)pvn'Qlvl]lbenzoic add 

[0201 ] The title compound was obtained by tiie same procedure as tiie one of Synthesis Example 1 . 

^H-NMR(DMSO<l6.400MHz) 6 ; 1.27(t.3H,J=76H2). 1.30(t,3H,J=7.6Hz).2.81(q.2H.J=7.6Hz),2.88(q,2H,J=7.6Hz), 
6.70(dd.1 H,J=2.4.4.0Hz),6.83(dd,1 H,J=2.8,3.6Hz). 6.96(d.1 H,J=7.6H2) J.01(d,1 H.J=7.6Hz),7.27(s.1 H). 

7.88(d.2H.J=8.4Hz),7.94(d.2H.J=8.8Hz),11.78(brs.1H) 

Synthesis Example 106 

4-{2-r5-f5-Chloro-7-fluorobenzofuran-2-vl)Dvnrolvfnbenzoicacid 

[0202] The title compound was obtained by tiie same procedure as the one of Syntiiesis Example 1 . 

lH-NMR(DMSad6.400MH2) 5 ; 6.75-6.84(m,2H). 7.25(8. 1H). 7.33(dd.lH,J=2.4.8.8Hz).7,60{d.1H.J=2.4Hz). 
7.85(d.2H.J=8.4Hz).7.94(d.2H,J=8.4Hz).12.00{s,1H) 

Syntiiesis Example 107 

4-(2-r5-f7-Ethvnvlbenzofuran-2-vnDvrrolvnibenzoicacid 

[0203] The title compound was obtained by tiie same procedure as the one of Syntiiesis Example 1 . 

lH-NMR(DMSOd6.400MHz) 6 ; 4.55(s,1H).6.73(dd.1H,J=2.4.4.0hlz). 

6.85(dd,1H,J=2.4,4.0Hz),7.23(t.1H.J=8.0Hz),726{s.1H). 7.36(dd.1H,J=4.2.8.0Hz).7.69(dd,1H,J=1.2.8.0Hz), 



37 



EP0930 075A1 

7.89(d.2H,J=a4H2).7.95(d.2H.J=:«.4Hz),1 1 .94(bfS.1 H) 
Synthesis Example 108 

4-{2-f5-(7-(2-Methoxvethvl^benzofuran-2-vl )pyrrolvnibenzoic acid 

[0204] The title compound was obtained by the same procedure as the one of Synthesis Example 1 . 

^H-NMR(DMSO<i6,400MHz) 5 ; 3.14(t,2H,J=7.2Hz),3.27(s,3H), 3.70(t,2H,J=7.2Hz).6.73(dd,1H.J«2.4,3.6Hz). 
6.84(dd.1H.J=2 4.3.6Hz).7.11-7.16(m.2H)7.18{S.1H), 7.46(dd.1H.J=2.0.6.8Hz)J.89(d.2KJ=8.4Hz), 
7.94{d,2H.J»8.4Hz).11.85(s.1H).12.83(brs.1H) 

Synthesis Example 109 

4-(2-f5-(5-Fluoro-7-methvlbe nzofuran-2-vl)cvrrolvn)benzoicacid 

[0205] The title compound was obtained by the same procedure as the one of Synthesis Example 1 . 

^ H-NMR(DMSOHd6.400MHz) 6 ; 2.43(s.3H).6.75{brs.1 H). 6.85(brs.1 H).6.93{d.1 H.Jn10.0Hz).7.19{s.1 H). 
7.26(d, 1 H,J^6.8Hz).7.89(d.2H,J=8.0Hz),7.95(d,2H.J=8.0Hz). 1 1 .90(s.1 H) 

Synthesis Example 1 10 

4-f2-r5-(4-Fluoro-7-m6thvlbe nzQfuran-2-vl)Dyn'olYnibenzoic acid 

[0206] The title compound was obtained by the same procedure as the one of Synthesis Example 1 . 

1 H-NMR(DMSOKi6.400MHz) 6 ; 2.42(s.3H),6.72(brs. 1 H), 6.84(brs,1 H).7.06(t,1 H.J=8.0Hz).7.19(s.1 H). 
7.44(dd,1H.J=6.0.8.0Hz),7.88(d.2H,J=8.0Hz), 7.94(d.2H.J=8.0Hz),11.85(brs.1H) 

Synthesis Exanple 1 1 1 

4-(2-f5-f7-Bromo-4-fluorobenzofuran-2-vltovrrolvinbenzoic add 

[0207] The title compound was obtained by the same procedure as the one of Synthesis Example 1 . 

^ H-NMR(DMSO-d6.400MHz) 5 ; 6.78(dd.1H.J=2.4.3.6Hz). 6.87(dd.1 H.J=2.4.3.6Hz).7.09(t.1 H.J=9.2Hz). 
7.48(dd, 1 H,J=4.8,8-4Hz),7.49{s.1 H).7.93(d,2H.J=8.8Hz). 7.96{d.2H,J=8.8H2),12.20(brs. 1 H) 

Synthesis Example 1 12 

4-{2-r5-(4J-Dimethylbenzofuran-2-vl1iwrTdvnipyridine-5s;arbQxvlicac^ 

[0208] The title conpound was obtained by the same procedure as the one of Synthesis Example 1 . 

iH-NWIR(DMSOd6.400MHz) 6 ; 2.44(s,3H),2.46(s.3H). 6.72-6,76(m.1H).6.92{d,1H.Joa0H2).6.96{d,1H.J=8.0Hz). 
7.04-7.09(mJH)J.51{s,1H)7.93(d,1H,J=7.6Hz),8.20(<ldJHJ=2A76Hz),9.02(d,1H.^^^ 

Synthesis Example 113 

4-{2-[5-(4.6.7-Trimethvlbenz Qfuran-2-vnnvrrolvnibenzoicacid 

[0209] The title compound was obtained by the same procedure as the one of Synthesis Example 1 . 

iH-NMR(DMSO-d6.400MHz) 6 ; 2.29(s,3H).2.38(s.3H),2.40(s,3H), 6.69(brs.1H). 6.81 •6.84(m,2H). 7.1 7(s,1H).7.86- 
7.95(m.4H). 11.76((brsJH).12.82(brs,1H) 
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Synthesis Exarrple 1 1 4 

6-f245-f47-Dimethvfbenzofum n-2-v<)Dvrrolvm-2-naDhm^^ 

[021 0] The title conpound was obtained by the same procedure as the one of Synthesis Example 1 . 

^ H-NMR(DMSO-d6.400MHz) 6 ; 2.46(s.3H).2.47(s,3H). 6.73{brd.1 H,J=3.6H2),6.90(brd.1 H.J=3.7Hz). 
6-92(d.1KJ=6.8Hz).6.96(d.1H.J=6.8H2).7.25(s,1H). 7.93(d,1H.J=8.4Hz).7.97(d.1HJ=8.4Hz),8.01(d.1H,J=8.4H2). 
8. 1 0(d, 1 H^=8.8Hz),8.35(s. 1 H),a53{s. 1 H). 1 1 ,88(brs. 1 H) 

Synthesis Example 115 

4- {2-^5^4.7-Dlm sthylbenzofuran-2-vl^Dvrrolvni-1 -naphthoic acid 

[021 1 ] The title compound was obtained by the same procedure as the one of Synthesis Example 1 . 

^H-NMR(DMSOd6.400MHz) 5 : 2.41(s,3H),2.47(s.3H). 

6.58{t.1H.J=3.0Hz),6.81(t.1H.J=3.0Hz).6.93{ABq,2H,J=9.0H2), 7,18(s,1H),7.58-7.70(m.2H),7.72(d.1H.J=9.0Hz), 
8.1 7(d. 1 H,J=9.0Hz),8.40(d. 1 H. Je9.0Hz),8.77(d. 1 H,J=9.0Hz) 

Synthesis Example 116 

2 5-Dimethvl-4-{2-f5-(4.7-dimethylbenzof iiran-2-yl)pvrrQlyn}benzoic acid 

[021 21 The title compound was obtained by the same procedure as the one of Synthesis Example 1 . 

^H.NMR(DMSOkJ6.400MHz) 6 I 2.41(s.3H),2.42(s.3H).2.47(s,3H), 

2.55(s.3H).6.48(dd,1H.J=2,5,3.0Hz).6.71(dd.1H,J=2.5.3.0Hz). 

6.92( ABq,2H. J=7.0Hz), 7. 1 8(s. 1 H) ,7.46(brs. 1 H) .7.75(brs, 1 H) 

Synthesis Example 117 

5- f2-r5-f4.7-Dimethvlbenzofu ran-2-vl)DvrrolvnV2-furancarboxvlic add 

[021 3] The title compound was obtained by the same procedure as the one of Synthesis Example 1 . 

^H-NMR(DMSO<J6,400MHz) 5 ; 2.43(s,3H),2.45(s.3H). 6.58(d,1H,J=3.6Hz).6.79(d,1H,J=3-6Hz),6.87-6.96(m,3H), 
7.01-7.08(brs.1H),7.18(sJH) 

Synthesis Example 118 

3-{2-f5-f4.7-Dimethvlbenzofuran-2-vl)Pvn'olvnibenzoicacid 

[021 4] The title compound was obtained by the same procedure as the one of Synthesis Example 1 . 

^H-NMR(DMSO-d6.400MHz) 6 ; 2.49(s.3H).2.57(s,3H). 

6.70(dd,1H.J=2.5.3.8Hz).6.74{dd.1H,J«2.5,3.8Hz).6.83(S.1H). 

6.93(d. 1 H.J=7.5Hz).6.97{d.1 H,J=7,5Hz).7.52(t,1H J=8.0H2). 7.83(d, 1 H.J=7.5Hz),7.96(d.1 H,J«7.5Hz),8.28{s,1 H), 
9.03(brs,1H) 

Synthesis Example 119 

3-Bromo-4-f2-f5-fnaphthof1 .2-b1furan-2-vi)Dvrrolvmbenzoic add 

[021 5] The title compound was obtained by the same procedure as the one of Synthesis Example 1 . 

iH-NMR(DMSad6.400MHz) 5 ; 6.86(m,2H).7.31(6,1H), 7.51(t.1H^=7.6Hz).7.65(t.1H.J=7.8Hz).7.75{s.1H), 
7.79(d.1 H,J=8.0Hz),7.99(dd.1 H.J=1 .2,8.4Hz), 8.02(d,1 H,J=8.4Hz).8.19(S.1 H).8.32(d,1 H,J=8.0Hz), 1 1 .98{brB.1 H) 
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Synthesis Example 120 

3- Bromo-4-f2-r5-(47-dichl(yoben2Qfuran-2'vnDv rmMnbenzoicacid 

5 [021 6] The title compound was obtained by the same procedure as the one of synthesis Example 1 . 

iH-NMR(DMSO-d6.400MHz) 5 ; 6.80(d.1H,J=3.6Hz). 6.83(d,1H,J=3.6Hz)7.34(dd.1H,J=1.0.8.2Hz),7.35(s.1H), 
7.37{dd. 1 H,J=0.6,8.6Hz),7.70(brd. 1 H. J=8.4Hz), 7.94{brd. 1 H, J=8.0Hz).8. 1 6(brs,1 H) 

10 Synthesis Example 121 

4- f2-[5-(3.4-DimethvlnaDhthalen-1 -vl)Dv rrolvinbenzoic add 

[021 7] The title confound was obtained by the same procedure as the one of Synthesis Example 1 . 

^H-NMR(DMSO<J6.400MHz) 5 : 2.54(s.3H).2.65(s.3H). 

6.57(dd, 1 H, J=2.8.2.8Hz),6.85{dd, 1 H, J=3.2,3.2Hz)J.43(s, 1 H) . 

7.47(dd. 1 H.J=7,6.7.6Hz)7.55(dd.1 H,J=7.2.7.2Hz), 7.62(d.1 H.J=8.4Hz).8.1 1 (d.4H,J-8.0Hz).8.68(bre.1 H) 
20 Synthesis Example 122 

4-{g-rfi.fs.8.Dimethvinaphthalen-2-vnthienvinbenzQicacid 

[021 8] The title conpound was obtained by the same procedure as the one of Synthesis Example 1 

25 

lH-NMR(DMSO<i6,400MHz) 6 ; 2.61(s.3H),2.67(s,3H), 

7.23(d.1H.J=7.2Hz),7.26(d.1H,J=7.6Hz),7.64(d.1H.J=4.0Hz), 

7.70(d.2H,J=8.0Hz),7.73(d.1H,J=3.6Hz).7.91(d,3H.J=8.4Hz). 8.06(d.lH,J=8.8Hz),8.21(S.1H) 

30 Synthesis Example 123 

4-f2-r5.r5.8-Dimethvlnaphthalen-2-ynfurvn}benzoicacid 

[021 91 The title compound was obtained by the same procedure as the one of Synthesis Example 1 . 

35 

iH-NMR(DMSO<l6,400MHz) 6 ; 2.61(S,3H).2.70(S.3H). 7.24(d.1H.J=6.8Hz),7.27(d.lH.J=7.2Hz).7.33(s,2H). 
7.97(d,2H.J=a4Hz).8.01(d.3H.J=8.4Hz).8.07(d.1H.J=8.8Hz), 8.39(s,1H) 

Synthesis Example 124 

40 

442.fS-r8-Ethvl-1 -methox vnaphthalen-2-vnpvrrolvn>benzoic acid 

[0220] The title compound was obtained by the same procedure as the one of Synthesis Example 1 . 

45 iH-NMR(CDCl3.400MHz) 8 ; 1.36(t,3H.J=7,2Hz), 3.35(q,2H, J=7.6Hz),3.74(s.3H). 6,77-6.81 (m.2H), 7.30- 
7.40(m.2H) ,7.60-7.73{m.5H),8. 1 0-8.20(m ,2H), 1 0.34(brs, 1 H) 

Synthesis Exanple 125 

50 4-(2-r5-f8-Methvl-1 ■methoxvnaohthalen-2- vncvrrolvnibenzoic acid 

[0221 1 The trtle conpound was obtained by the same procedure as the one of Synthesis Example 1 . 

iH-NMR(CDCl3,400MHz) 6 ; 2.97(s.3H),3.73(s,3H), 6.76-€.80(m,2H).7.28-7.35{m,2H)7.61-7.72{m.5H), 
55 8.1 4(d,2H.J=8.4Hz). 10.33(brs,1 H) 
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Synthesis Example 126 
4-f2>f5-r5-AcenaDhthenvt^Dvrrolvmbenzoic add 

[0222] The title compound was obtained by the same procedure as the one of Synthesis Example 1 . 

^H-NMR(CDC!3.400MHz) 6 ; 3.40-3.48(m.4H).6.64-6.66(m.1H). 6.84-6,86(m,1H),7.33-7.36(m,2H)7.50- 
7.64(m.4H).8.03(d.1HJ=8.4H2),8.09-8.12(m.2H).8.76(brs.1H) 

Synthesis Example 127 

4-l2-r5-(5.8-Pimethvl-2H-chromen-3-yl)Dyrro lvmbenzolc acid 

[0223] The title compound was obtained by the same procedure as the one of Synthesis Example 1 . 

1H-NMR(DMSOkJ6,400MH2) 5 ; 2.09(s,3H),2.34{s.3H). 4.95(brs.2H),6.45-6.47{m,1H),6.67{d.1H.J«7.6Hz). 6.75- 
6.77(m,1 H),6.84(d. 1 H J=7.6H2).7.24{brs.1 H), 7.85-7.94(m,4H) 

Synthesis Example 128 

4-(2-f5-(5-lsooroDvi-8-methvl-2H<hromBn-3-vl)Dvrrolvmbenzoic acid 

[0224] The title compound was obtained by the same procedure as the one of Synthesis Example 1 . 

iH-NMR(CDCl3.400MHz) 6 ; 1 .30(d.6H. J=6.8H2), 3.28(hept.,1H,J=6.8Hz).4.99(d.2KJ=1.2H2),6.39-6.40(m,1H). 
6.71-6.73(m.1H),6.81-6.86(m.2H).6.99(d.1H.J=8.0Hz). 7.64(d.2HJ=8.4Hz).8.13(d,2H,J=8.4Hz),8.70(brs.1H) 

Synthesis Example 129 

4-{2-r5-(5-Methvl-2H-chromen-3-vnDyrrolvn]benzoicacid 

[0225] The title compound was obtained by the same procedure as the one of Synthesis Example 1 . 

iH-NMR(DMSO-d6,400MHz) S ; 2.14{8.3H).5.04(brs.2H). 6.43-6.45(m.1H).6.75-6.77{m.1H).6.81(t.1H.J=7.6Hz), 
6.95(t1H,J=8.0Hz).7.09(brs.1 H),7.86-7.93{m.4H). 1 1.39(s.1 H).12.82(brs.1 H) 

Synthesis Example 130 

4-f2-f5-(5-Ethvt-2H-chromen-3-vllDvrrolvnibenzoicacid 

[0226] TTie title compound was obtained by the same procedure as the one of Synthesis Example 1 . 

iH-NMR(DMSO^.400MHz)6 : 1.13(t3H.Jo7.2Hz). 2.48-2. 55(m,2H).5.02(brs,2H),6.45(brs.1H),6.75-7.09(m.5H). 
7.85-7.93(m.4H).11 .39(s.1 H). 12.81 (s.1 H) 

Synthesis Exarrple 131 

4-f2-r5-f5-Methoxv-2H-chromen-3-vnDvnolvmbenzoicacid 

[0227] The title compound was obtained by the same procedure as the one of Synthesis Example 1 . 

^H-NMR(CDCl3.400MHz) 5 ; 3.91(s.3H),5.00(brs,2H), 6.34(brs.1H).6.50-6.55(m,2H).6.70(s.1H).6.95(sJH). 
7.08{dd, 1 H.Jo7.2.7.2Hz),7.62(d.2H.J=7.6Hz). 8.1 1 (d.2H,J=8.4Hz).8.77(brs,1 H) 
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Synthesis Example 132 

4-f245-f8-Methoxv-7-methvl-2H-chromen-3-vnDYrrolvlllbenzoicacid 
5 [0228] The title compound was obtained by the same procedure as the one of Synthesis Example 1 . 

^H-NMRCCDCl3.400MHz) 5 ; 2.16(s.3H),3.73(s,3H),5.01(brs.2H). 6.44(m.1H),6.70-7.77{m.3H)7.07(s. tH)7.85- 
7.93(m.4H) , 1 1 .38(brs. 1 H). 12.80(brs. 1 H). 

10 Synthesis Example 1 33 

4-l2-f5-f4-MBthvl-2H-chromen-6-vl)Dvrrolvnibenzoic acid 

[0229] The title compound was obtained by the same procedure as the one of Synthesis Example 1 . 

IS 

^H-NMR(CDCl3.400MH2) 6 ; 2.10(d,3H,J=1.6Hz). 4.79(q.2H,J=1.6H2),5.65(m.1H).6.51(dd.1H,J=2.8.3.6Hz), 
6.74(dd.1 H.J=2.8,3.6Hz),6.85(d.1 H,J=8.0Hz).7.29-7.32(m,2H). 
7.59(d.2H.J=8.8Hz).8.10(d.2H,J=8.4Hz).8.60(brs,1H) 

20 Synthesis Example 1 34 

4-{2-[5-(5-BrQmo-8-methQxv-2H-chr Qmen-3-vl^Dvrrolvinben2Qic add 

[0230] The title confound was obtained by the same procedure as the one of Synthesis Example 1 . 

25 

iH-NMR(DMSO<l6,400MHz) 6 ; 3.75(s,3H).4.97(brs,2H). 6.53(brs.1H).6.79-6.82(m,2H).7.14(d.1H,J=8.8Hz). 
7.22(brs, 1 H) ,7.91 (brs.4H), 1 1 .65(brs. 1 H). 1 2.83{brs. 1 H) 

Synthesis Exanrple 135 

30 

4-f2-r5-f8-Methoxv-5-methvl-2H-chromen-3-vl^DvrroM nbenzoicacid 

[0231 1 The title compound was obtained by the same procedure as the one of Synthesis Example 1 . 

35 iH-NMR(CDCl3.400MHz) 6 ; 2.37(s.3H).3.88(S.3H),5.05(brB.2H). 6.40(brs.1H).6.71- 

6.72(m.4H) ,7.64(d.2H, J=7.6Hz). 8. 1 2(d.2H, J=8.DHz),8.68(brs, 1 H) 

Synthesis Example 136 

40 4-{2-[4-f5-Prop yl-2H-chrQmen-3-vnDvrrolvmbenzoicacid 

[0232] The title compound was obtained by the same procedure as the one of Synthesis Example 1 . 

^H-NMR(CDCl3,400MHz) 6 ; 0.97(t.3H.J=7.2Hz), 1.63(tq.2H,J=7.2.7.2Hz).2.59{t.2H,J=7.6Hz).5.04(s.2H). 
45 6.36(dd.1H,J=2.4.2.4Hz).6.62(brs,1H). 6.86(dd.1H,J=7.6J.6Hz).6.94-7.01(m.2H).7.61(d.2H.J=8.4Hz), 
8.1 1(d,2H.J=:8.4H2),8.63(brs,1 H) 

Synthesis Example 137 

so 4-f2-r5-f5-Chloro-8-methvl-2H-chromen-3 -vnovrrQlvntoenzoic acid 

[0233] The title conpound was obtained by the same procedure as the one of Synthesis Example 1 . 

iH-NMR(CDa3,400MHz) 6 ; 2.19(s.3H).5.05(d,2H,J«1.2Hz). 6,41(dd.1H.J=3.6.3.6Hz).6.71(dd.1H,J-3.6,3.6Hz). 
55 6.90(brs,3H).7.64(d.2H.J-8.8Hz),8.1 1{d.1 H,J=8.8Hz), 8.74(brB.1 H) 



42 



EP0930075A1 

Synthesis Exanrple 138 

442-r5-(57.8-TrimetM-2H-chromerv3-vnDvrrolvnibenzoic acid 

[0234] The title compound was obtained by the same procedure as the one of Synthesis Example 1 . 

^ H-NM R(DMSO<J6.400MH2) 5 ; 2.02(s,3H).2. 15(s.3H).2.31 (s.3H). 

4.91(s.2H),6.43(brs.1H),6.60(s,1H),675{brs.1H).7.23{s.1H), 7.85-7.93(m.4H),11.35(s,1H).12.78(brs.1H) 

Synthesis Example 139 

4-l2-r5-f5.7-DimBthvl-2H>ch romen-3-vl)Dvrrolvmben2oic acid 

[0235] The title compound was obtained by the same procedure as the one of Synthesis Exanrple 1 . 

^H-NMR(DMSOd6.400MHz) 6 ; 2.19(s.3H),2.34(s.3H).4.90(s,2H), 

6.43(dd.1 H,J=3.2,3.2H2),6.49(brs.1H),6.60(brs.1 H). 6.75(dd.1 H.J=3.2,3.2Hz),7.23(brs,1 H)7.86(d,2H.J=8.4Hz), 
7.93(d,2H,J=8.8Hz) 

Synthesis Example 140 

4-{2-f5-(7.8-Dimethyt-2H-chromen-3-yl)pyrrQlyn}benzoic acid 

[0236] The title compound was obtained by the same procedure as the one of Synthesis Example 1 . 

^H-NMR(DMSO-d6,400f^Hz) 6 2.07(s,3H),2.19(s.3H).5.00(s,2H), 6.41-6.43{m.1H).6.72- 

6.76(m.2H).6.84(d,1H.J=7.6Hz), 7.06(brs.1H).7.86(d.2H.J=8.4Hz),7.91(d.2H,J=8.8Hz) 

Synthesis Example 141 

4-f2-[5-(g-MethYi-2H-chrgmgn-3-yl)pyrro|yl]ftenzOiCagid 

[0237] The title compound was obtained by the same procedure as the one of Synthesis Example 1 . 

^H-NMR(DMSOKi6,4001^Hz) 6 ;. 2.22(s.3H).4,97(s.2H). 6.44(dd.1H,J=2.0.2,0Hz).a70(d.1H.J==7.6Hz).. 
6.76(dd. 1 H. J=2.0,2.0Hz) .6.87-6.89(m.2H), 706(s, 1 H), 7.85-793(m,4H), 1 1 .39(s. 1 H), 1 2.79(brs. 1 H) 

Synthesis Example 142 

4-{2-[5-(5.6-Dimethyl-2H-chromen-3-yl)pyrrQlyl]}benzoicactd 

[0238] The title compound was obtained by the same procedure as the one of Synthesis Example 1 . 

^H-NMR(DMSOKl6.400MHz) 6 ; 2.10(s.3H),2.19{S,3H),4.99(s.2H). 6.44(s.1H),6.73(s.1H).6.77(brs,2H).7.04(s,1H). 
7.86-793(m.4H).11.38(s.1H).12.78(brs,1H) 

Synthesis Example 143 

4-l2-r5-f6-Chloro-2H-chrQmen-3-vnoyrrolvn)benzoicacid 

[0239] TTie title compound was obtained by the same procedure as the one of Synthesis Example 1 . 

^H-NMR(DMSO-d6.400MHz) 5 ; 5.05(s.2H).6.46-6.52(m,1 H). 6.74-6.79(m,1 H),6.83(d. 1 H,J=8.8Hz).7.05- 
710(m.3H), 786(d,2H.J.=8.4Hz).7.92(d.2H.J=8.0Hz),11.47{s,1H), 12.80(brs.1H) 
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Synthesis Example 144 

4-(g-f5-f7-Chloro-2H-chrQmen.3.vnDtfrrQlvn)benzoicacid 

5 [02401 The title compound was obtained by the same procedure as the one of Synthesis Ex^^^ple 1 . 

iH-NMR(DMSO<l6.400MHz) 5 ; 5.06(s.2H). 6.47(dd.1H.J=2.4,3.2Hz).6 . (dd.1H.J=2.4.3.2Hz). 
6.91(d.1H.J=2.0Hz).6.96(dd.1H.J=2.0.8.0Hz). 7.10(d.1H.J:=8.0Hz),7.10{S.1H).7.87(d.2H.J=8.4Hz). 
7.92(d,2H.J=8.8Hz). 1 1 .44{s. 1 H),1 2.81 (brs. 1 H) 

10 

Synthesis Example 145 

4-(2-[5-f5.6.7-Trimethvl-2H-chromen'3-ynpvrfQlvnm enzoicacid 
IS [0241 ] The title compound was obtained by the same procedure as the one of Synthesis Example 1 . 

iH.NMR(DMSO^6.400MHz) 6 : 2.08(S.2H).2.18(s.3H).2.31(s.3H), 

4.83(s.2H).6.43{dd.1H,J=2.8.2.8Hz).6.53(s.1H), 6.75(dd.1H.J=3.2.3.2Hz).7.86(d.2H.J=8.4Hz). 
7.93(d.2H,J=8.0Hz),11.36(s.1H),12.78(brB,1H) 

20 

Synthesis Example 146 

4-{2.[5.(5.6.8-Tri methvl-2H-chromen-3-vnDvrrolYn>ben2Qlcacid 

25 [0242] The title compound was obtained by the same procedure as the one of Synthesis Example 1 . 

lH-NMR(DMSOHd6.400MHz) 5 ; 2.07(s.3H).2.14(s.3H),2.26(S.3H), 4.88(S.2H).6.46(dd.1H,J=2.4.2.4Hz).6.75- 
6.77(m,2H). 7.33(sJH)J.87(d.2HJ-8.8Hz)7.93(d.2HJ=8.4Hz). l1.39(s.1H).12.78(brs.1H) 

30 Synthesis Example 147 

4-l2-r5-f5-Chloro-2H-chromen-3-vl)pyrrQlvnVbenzoic acid 

[0243] The title confound was obtained by the same procedure as the one of Synthesis Example 1 . 

35 

^H-NMR(DMSO-d6,400MHz) 5 : 5.04(brs.2H), 6.54(dd.1H.J=2.8.2.8Hz).6.29(dd.1H.J=2.8.2.8Hz). 
6.82(d,1H.J=8.4Hz).7.02-7.10(m,2H).7.37{brs.1H). 7.90-7.95(m.4H),11.63(s.1H).12.81{brs,1H) 

Synthesis Example 148 

40 

442-r5-f8-Methvl-2H-ch romen-3-vnpvn-olvn;benzoic acid 

[0244] The title compound was obtained by the same procedure as the one of Synthesis Example 1 . 

45 ^H-NMR{CDCl3.400MHz) 6 ; 2.13(brs.2H).5.03(brs.2H). 6.43-6.45(m.1H).6.75- 

6.77{m,1 H).6.81 (dd.1 H,J=7.2,7.2Hz), 6.92-6.96{m,2H),7.08(brs.1 H).7.85-7.93(m.4H) 

Synthesis Example 149 

50 4-f2-r5-f8-Trifluo rom6thvl-2H-chrQmen-3-vltovTTolvl11benzoicacid 

[0245] The thie conpound was obtained by the same procedure as the one of Synthesis Example 1 . 

^H-NMR{DMSOHd6,400MHz) 6 ; 5.17(s,2H),6.53(brs.1H). 6.79(brs.lH).7-07(dd.1H.J=7.6.7.6Hz).7.16{s.1H). 7.36- 
55 7.38(m,2H).7.86-7.94(m.4H),1 1 .49(s.1 H).12.80(brs.1 H) 
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Synthesis Example 150 

4*f245-r3-Ruoro-4.7-dtmethvfben2ofuran-2-vl)Ewrrolvmben add 

(A) Methyl 442-[5K34luoro^,7-dirTiethylbenzofuran-2-yl)pyrrolyIl}ben2oate 

[0246] Methyl 4-{2-[5-(4,7-dimethytbenzofuran-2-yl)pyrrolyI]}benzoate (0.20 g) was dissolved in dry tetrahydrofuran (5 
ml). After adding N-f luoro-3,5-dichloropyridinium triflate (0.20 g), the resultant mixture was stirred at room temperature 
for 30 min. Then the liquid reaction mixture was poured into a cold saturated aqueous solution of sodium bicartxsnate. 
After adding ethyl acetate (50 ml), the organic layer was washed with brine and dried over anhydrous magnesium sul- 
fate. After filtering off the desiccant. the filtrate was concentrated. The resulting crude product was purified by silica gel 
column chromatography to give the title compound (0.05 g) as pale yellow crystals. 

^H-NMR(CDCl3.400MHz) 6 ; 2.48(s.3H),2.60(s,3H),3.94(8.3H). 6,75- 

6.79(m.2H).6.92(d,1 H.J=7.6Hz).6.99(d.1 H.J=7.6Hz), 7.62{d,2H.J=8.4Hz).8.07(d.2H J=8.4Hz).8.92(brs.1 H) 

(B) 4-{2-[5-(3-Fluoro-47-dimethyibenzofuran-2-yl)pyn'olyl]}benzoic acid 

[0247] The title compound was obtained by the same procedure as the one of Synthesis Example 1 (D). 

^H-NMR(DMSO<l6.^0MHz) 6 ; 2.45(s,3H),2.53(s.3H). 6.63-6.66(m,1H).6.89-6.92(m,1H).6.98{d,1H.J=7.2Hz), 
7.06(d. 1 H, J=7.2H2),7.93(8.4hO, 1 1 .87(s. 1 H), 1 2.83(bre. 1 H) 

Synthesis Example 151 

4-(2-r5-f3-Bromo-4.7-dimethvlbenzofuran-2-vltovrrolvfllbenzoic add 

(A) Methyl 4-{2-[5-(3-bromo-4.7^imethylbenzofuran-2-yl)pyrrolyl]}benzoate 

[0248] The title compound was obtained by the same procedure as the one employed for synthesizing the 3-chloro 
compound by using N-bromosuccinimide as a substitute for the N-chlorosuccinimide. 

^H-NMR(CDCl3.400MHz) 6 ; 2.50(S,3H),2.73(S.3H).3.93(S.3H), 6.77- 

6.80(m.1 H).6.91(d.1 H.J=7.6Hz).6.98(d.1 H.J=7.6Hz). 7.1 1-7.14(m.1 H).7.63(d.2H J=8.4Hz).8.08(d.2H.J=8.4Hz), 
9.38(brs.1H) 

(B) 4-{2-[5'(3-Bromo-4,7-dimethylbenzofuran-2-yl)pyrrolyl]}benzoic acid 

[0249] TTie title compound was obtained by the same procedure as the one of Synthesis Example 1 (D). 

^H-NMR(DMSad6.400MHz) 6 ; 2.50(S.3H).2.67(s.3H). 6.88-6.91 (m.1H).6.96(d,1H,J=7.2Hz).7.03-7.07(m,2H). 
7.92{s,4H), 1 1 .86(s, 1 H), 1 2,83(brs, 1 H) 

Synthesis Example 152 

4-[2-f5-(6.7-Dichlorobenzo furan-2-yl)pyrrolyl}1benzoicadd 

[0250] The title compound was obtained by the same procedure. 

^H-NMR(DMS<>d6.^0MHz) 6 ; 6.76-6.79(m,1H),6.85-6.88(m,1H). 

7.30(s,1H).7.47(d.1H,J=8.4Hz)J.64(d,1HJ=8.4H2). 7.89(d,2H.Jx8.4Hz),7.96(d,2H,J=8.4Hz).11.98(s.1H). 
12.85(brs,1H) 

Synthesis Example 153 

4-r2-f5-(3-Chloro-5.7-dimethvlbenzofuran-2-vl)pvrrolvnibenzoicadd 

[0251 ] The title compound was obtained by the same procedure as the one of Synthesis Example 1 . 
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^H-NMR(DMSO<i6.400MHz) 5 ; 2.37(s.3H).2.51(s,3H). 6.90-6.97(m.2H).7.02(brs.1H).7.16(brs.1H).7.94(s.4H). 
11.91(s,1H),12.85(br5,1H) 

Synthesis Example 154 

5 

4-(245-f3-Chloro-7-proovlbenzofuran-g -Yi)pYiTolyl}]benzo 

[0252] The title corrpound was obtained by the same procedure as the one of Synthesis Example 1 . 

TO ^H-NMR(DMSO<l6.400MH2) 5 ; 0.95(t.3H,J=7.6Hz). 1.70-1.82(m.2H).2.94(t.2H.J=7.6Hz),6,91-6.94(m.1H). 6.96- 
6.99(m,1H).7.22(dd.1H.J»1.2.7.6H2).7.29(t.1H.J«7.6H2). 7.38(dd.1H,J=1.2.7.6Hz).7.93{s.4H).11.90(s.1H). 
12.89(brs.1H) 

Sy'nthesis Example 155 

IS 

4-[2-{5-(3-Fluoro-5.7-dim ethylbenzQfuran-2-vnDvrrDlvinbenzoicacid 

[0253] The title compound was obtained by the same procedure as the one of Synthesis Example 1 . 

20 iH-NMR(DMSO<l6.400MHz) 5 ; 2.35(s.3H).2.46(s.3H). 6.61-6.64(m.1H).6.85- 

6.88(m.1 H).7.00(brs.1 H).7.22{brs.1 H), 7.89(s.4H).1 1.86{s.1 H).12.83(brs,1 H) 

Synthesis Example 156 

25 4-r2-f5-f5-Fluoro-3.7<jimethvib enzofuran-2-vnDvrrolvll1benzoicacid 

[0254] The title compound was obtained by the same procedure as the one of Synthesis Example 1 . 

iH-NMR(DMSO-d6.400MHz) S : 2.33(s.3H).2.53(s.3H), 6.64.6.67(m.1H).6.87- 

30 6.90{m.1H).6.95(ddJHJ=2.0J0.4Hz). 7.22(ddJH,J=2.0,10.4Hz)7.93(s,4H).1173(sJH).12 

Synthesis Example 157 

4-[2-{5-(5-Fluoro-4.7<lim ethylbenzofuran-2-vl)pvrroMnbenzoicacid 

35 

[0255] The title conpound was obtained by the same procedure as the one of Synthesis Example 1 . 

iH-NMR(DMSOKl6.400MHz) 5 ; 2.34(s.3H).2.46(s,3H). 6.71-674(m.1H).6.83-6.86(m.1H),6.90(d,1H.Ja10.8Hz). 
7.26(s.1H)7.89(d.2HJ=8.4Hz)J.95(d.2HJ=8.4Hz)J1.84(s.1H).12.83(brB,1H) 

40 

Synthesis Example 158 

4-f2-f5-f5-Fluoro-3.4.7-trlmethvlbenzofuran-2-vnD vrrQlvlllbenzoic acid 
45 [0256] The title compound was obtained by the same procedure as the one of Synthesis Example 1 . 

^H-NMR(DMSO-d6.400MHz) 6 ; 2.48(s.6H).2.50(S.3H), 6.59-6.62(m.1H),6.85-6.88(m.1H),6.92(d.1H.J=10.8H2). 
7.92(s.4H),1 1 .72(s,1 H).1 2.80(brs.1 H) 

50 Synthesis Example 159 

4-[2-{5-f3.5-Drfluoro-4-7 ^imethvlbenzofuran-2-vllPvrrQlvmbenzQic acid 

[0257] The title compound was obtained by the same procedure as the one of Synthesis Example 1 . 

lH-NMR(DMSad6.400MH2) 6 : 2.42(s,3H).2.48(8.3H). 6.65-6.68(m.1H),6.89-6.92(m.1H)J.03(d.1H.J»10.8H2). 
7.93(s.4H).1 1.91 (s.1H),12.85(brs.1 H) 
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Synthesis Example 160 

4-f245-f3-Chloro-S-fluoro-4.7<iimethvlben20furarv2-vnpyrrQlYft^^ 

[0258] The title compound was obtained by the same procedure as the one of Synthesis Example 1 . 

iH-NMR(DMSad6.400MH2) S ; 2.48{s.3H).2.52(s.3H). 6.91-6.94{m.1H).6.98-7.01(m.1H).7.04(d.1H,J=10.8Hz), 
7.95(S,4H),1 1 .92(S.1 H). 1 2.86{brs. 1 H) 

Synthesis Example 161 

4-f2-l&^7-Ethoxv-Mluoro-4-methvlbenzofuran-2-vnD vrro1vnTbenzcic acid 

[0259] The title compound was obtained by the same procedure as the one of Synthesis Example 1 . 

1 H-NM R(DMS<>d6.400MHz) 5 ; 1 .38(t.3H,J=7.6Hz).2.29(S.3H). 4.20(q,2H.J=7.6Hz).6.69- 
6.72(m,1 H),6.77(d.1 H.J0IO.8H2). 6.81 -6.84(m.1 H)7.26(S,1 H) J.89(d.2H J=8.4H2), 

7.94(d.2H,J«8.4Hz),11.88(s,1H).12.80(brs.1H) 

Synthesis Example 162 

4-[2^5-(7-Ethy1-5-fluoro^-me thylben2Qfuran-2-vt^tmrQlvil1ben20icad^ 

[0260] The title compound was obtained by the same procedure as the one of Synthesis Example 1 . 

lH-NMR(DMSO-d6.400MH2) 6 ; 1.27(t3H,J«7.6H2).2.34(s.3H). 2.85(q.2H>7,6H2).6.71-6.74{m.1H),6.83- 
6.86(m.1 H). 6.91(d,1 H J=10.8Hz)7.88(d.2H J=84Hz)7.95(d.2H J=8.4Hz). 1 1 .8^^^^ 

Synthesis Example 163 

4-f2-(5-f7-Ethvl-3-5-difluoro-4-methvlbenzQfuran-2-vnDv rrolvlllben20ic acid 

[0261 ] The title compound was obtained by the same procedure as the one of Synthesis Example 1 . 

^H-Nf^/IR(DMS(>d6,400MHz) 8 : 1.28(t3H,J=7.6Hz),2.43(s.3H), 2.90(q,2H.j37.6Hz).6.65-6.68(m,1H).6.86- 
6.89(m.1 H), 704(d,1 H.J01 1 .2Hz),7.85-7.96(m.4H),1 1 .87{s.1 H). 12.85(brs.1 H) 

Synthesis Example 164 

4-[2-{5-(7-Chlo rQ-4-fluQrobenzothioph6n-2-vnDvrrolvft1benzoicacid 

[0262] The title compound was obtained by the same procedure as the one of Synthesis Example 1 . 

^H-NMR(DMSOKJ6.400r^Hz) 6 ; 6.71-6.74(m.1H).6.81-6.84(m.1H). 7.27(t.1HJ=8.8Hz).7.42{dd,1H.J=4.4.8.8Hz), 
7.90(d,2H,J=8.4Hz),7.95{d.2H,J=8.4Hz).1 1 .40(s.1 H). 12.81{brs.1 H) 

Synthesis Example 165 

4-[2-(5-(3.5-Dichloro-7-methvlbenzothiophen-2-YnPYrrolvnibenzQicacid 

[0263] The title compound was obtained by the same procedure as the one of Synthesis Example 1 . 

^H-NMRCDMSO-de.'WOMHz) fi ; 2.52(s,3H).6.87-6.94{m.2H), 7.38{brs.1H),7.61(brs.1H).7.90(s.4H),11.81(s.1H), 
12.85(brs,1H) 
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Synthesis Example 166 

^•f2-(5-f3-Chloro-5-fluoro-7-methvlbftn2Qthiophen- 2-vl^PvrroM^1benzoic add 
5 [0264] The title compound was obtained by the same procedure as the one of Synthesis Example 1 . 

lH-NMR(DMSO^6.400MHz) 8 : 2.53{s.3H).6.88-6.94(m,4H). 

7.24(dd J H,J=2 A9.6H2)7.40(dd J H.J=2.4.9.6H2)7.93(S,4H) J 1 .80(S,1 H) J2.87^^^ 

10 Synthesis Example 1 67 

4-r2-f5-f7-Fluoro-4-trifluoromethvtb6nzQfuran-2-vltevnrolvll1ben20icacid 

[0265] The title compound was obtained by the same procedure as the one of Synthesis Example 27. 

IS 

1 H-NMR{DMSO^6.400MHz) 6 ; 6.87-6.92(m,2H), 7.35{dd.1 H,Jo 10.0,1 0.4Hz),7.53{brs. 1 H), 
7.62(dd, 1 H,J=3.6,8.8H2),7.93(d,2H.J=8.8Hz). 7.96(d.2H,J=8.8Hz) 

Synthesis Exanrple 168 

20 

4-f2-f5-r3-ChlQro-5-fluoro-7-methvlbenzofuran-2-vl ^pvnrQlvmbflnzoic acid 

[0266] The title conpound was obtained by the same procedure as the one of Synthesis Example 1 . 

25 ^H-NMR{DMSOHd6.400MHz) 5 ; 2.57(s,3H).6.91-6.94(m,1H). 6.96-7.02(m.1H),7.09(dd,1H.jH2.7.11.0Hz), 
7.17{dd.1H,J=2.3.8.0Hz),7.95(brs,4H),12.0(S.1H) 

Synthesis Exarrple 169 

30 4-[2-f5-(3-Chloro-7-ethvl-5-fluorobenzofuran-2-vltovrr olvl}]benzoic add 

[0267] The title corrpound was obtained by the same procedure as the one of Synthesis Example 1 . 

lH-NMR(DMSO-d6.400MHz) 5 ; 1 .30(t,3H J-8.0Hz). 3.00{q.2H,J=7.2Hz).6.90-6.93(m.1H),6.98-7.00(m.1H). 
35 7.12(dd. 1 H.J=2.9.10.4Hz),7.1 8(dd. 1 H,J=2.4,8.8Hz). 7.93(d.2H.J=8.0H2),7.96(d,2H.J=:8.0Hz). 1 1 .96(brs,1 H) 

Synthesis Example 170 

4-[2-f5-f3-Chloro-5-fluQrQ-7-propvlbenzofuran-2-vl ^pvrrolvinbenzoic add 

40 

[0268] The title compound was obtained by the same procedure as the one of Synthesis Example 1 . 

lH-NMR(DMSO<l6.400MHz) 6 : 0.96(t.3H,J=6.8Hz). 1,72-1.80(m.2H).2.96(t.2H.J«7.2Hz),6,90-6.93(m.lH). 6.98- 
7.01(m.1H).7.10(dd.1H.J=2.0.10.4Hz). 7.18(dd.1H.J=2.0.7.6H2).7.92(d.2H.J=8.4Hz). 
45 7.96(d,2H.J=8.4Hz), 1 1 .88(brs,1 H) 

Synthesis Example 171 

4-r245-f3-ChlQro-5-fluoro -7-propvlben2Ofuran-2-vn-3-chloroPYrrolYll]b9nzoicaci0 
[0269] The title compound was obtained by the same procedure as the one of Synthesis Example 1 . 

^H-NMR{DMSO^6.400MHz) 6 ; 0.94(t.3H,J=7.0Hz). 1.73-1 .80(m^H).2.90-2.98(m.2H).7.01(d.1H.J=2.8Hz). 
7.13(dd.1H.J=2.6,10.4Hz).7.22(dd.1H.J=2.4,8.0Hz), 7.88(d.2H.J=8.4Hz).8.05(d.2H,J=8.4H2) 



50 
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Synthesis Exarrple 172 

4-f2-f5-f3-Brom(>-54luoro-7-methvtbenzofuran-2-vt)pmot^^ 

[0270] The title compound was obtained by the same procedure as the one of Synthesis Example 27. 

iH-NMR{DMSOd6.400MHz) 6 ; 2.58(6.3H).6.92-6.94(m.1H), 7.06-7.1 6(m.3H).7.95(brB.4H).12.00(s.1H) 
Synthesis Example 173 

4-f2-{5-f7-Ethyl-5-fluorD-a-methy!benzQfuran-2-yl)pyff olyl|]ben20ic add 

[0271 ] TTie title compound was obtained by the same procedure as the one of Synthesis Example 1 . 

^H-NMR(DMSad6.^0MH2) 5 ; 1.31(t3H.J=7.6H2),2.33(6.3H). 2.97(q.2H.J=7.6H2).6.64-6.66{m,1H).6.86- 
6.89{m.1 H). 6.97(dd.1 H^H2.4,10.0H2).7-22(dd.1 H,J=2.4,8.8H2), 

7.91(d.2H.J=8.4Hz),7.93(d,2H.J=8.4Hz),11.73(s,1H). 12.82(brs,1H) 

Synthesis Example 174 

4-r2-f5-f3.5.Difluoro-7-ethvlbenzofufan-2-vnpvrrolvnibenzoic acid 

[0272] The title compound was obtained by the same procedure as the one of Synthesis Exarrple 1 . 

^H-NMR(DMSOHj6.400MHz) 6 ; 1 .32{t.3H.J=7.6Hz), 2.96(q.2H,J=7.6Hz),6,68- 

6.71 (m, 1 H).6.91 (dd. 1 H.J=2.4.3.6Hz), 7. 1 0(dd.1 H,J=2.4,1 0.4Hz)7.30(dd. 1 H,J=2,4,8.0Hz), 

7.94{brs.4H).1 1 .95(s.1 H).12.86(brs.1H) 

Synthesis Example 175 

4-r2-f5-f4-Ethvl-5-fluoro-7-methvlbenzofuran-2-vl^Dvrro lvll1ben2oic add 

[0273] The title compound was obtained by the same procedure as the one of Synthesis Example 1 . 

^H-NMR(DMSO-d6.400MH2) 6 : 1 .23(t3H,Jo7.6Hz).2.46(5.3H). 2.79(q,4H,J=7.6Hz).6.72-6.75(m.1H),6.84- 
6.86{m,1 H), 6.90(d.1 H.J=10.8Hz) J.30(s.1 H),7.89{d.2H,J»a4Hz), 7.95(d,2H.J=8.4Hz).1 1 .84(brs,1 H) 

Synthesis Example 176 

4-f2-f5-(47-Di ethvl-3.5-drfluorobenzQfuran-2-yl)pvrrQlvll1benzoicad 

[0274] The title compound was obtained by the same procedure as the one of Synthesis Example 1 . 

^H-NMR(DMSO^.400MHz) 6 : 1 .23{t3H,Jo7.2Hz), 1.30(t.3H.J=7.2Hz),2.82-2.88(m.2H).2.92{q.2H.Jn7.2H2), 
6.67-6.70(m.1 H),6.90-6.92(m,1 H),7.05(d,1 H .J=1 1 .2Hz), 7.94(s.4H).1 1 .90(brs,1 H) 

Synthesis Example 177 

4'[2H5-f3-PrQm(H.7sfi9thYl'5-flwrpbepzohiren-^^^ 

[0275] The title compound was obtained by the same procedure as the one of Synthesis Example 1 . 

^H-NMR(DMSOKl6.400MHz) 6 ; 1 .22(t3H.Jo7.6Hz). 1.30(t,3H,Jo7.6Hz),2.97(q,2H,Jo7.6Hz),3.03-3.10{m.2H). 
6.90-6.92(m.1H),7.07{d,1H,J=11.2Hz),7.09-7.12(m.1H). 7.93{d,2H,J=8.4Hz),7.96(d.2H,Jn8.4Hz),11.90(brs,1H) 
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Synthesis Example 1 78 

4-r2-f5-f3.5-Dichloro-7-methvlbenzohjran-2-vH PYr"?lYt}1benzoic add 
5 [0276] TTie title compound was obtained by the same procedure 3S the one of Synthesis Example 1 . 

iH.NMR(DMSOKi6.400MH2) 6 ; 2.58(s.3H).6.92-6.95(m.lH). 7.00-7.02(m.1H).7.27-7.29(m,lH).7.40- 
7,42(m.1H),7.96(s.4H). 12.00(s.1H) 

10 Synthesis Example 1 79 

A-r245-f3.5-Dichloro-7-ethvlben20furan-2-vl jvrrol vl^lbenzoic acid 

[02771 The title compound was obtained by the same procedure as the one of Synthesis Example 1 . 

lH-NMR(DMSO^S.400MHz) 8 ; 1.33{t3H.J=7.7Hz). 3.00(q,2H.J=7.7Hz).6.94(dd.1H,J=2.8.4.0Hz), 
7.01 (dd, 1 H.J=:2.0.3.6Hz).7.29(d, 1 H.J=2.0Hz), 7.42{d.1 H,J=1 .6Hz)J.96(s.4H), 1 1 .99(brs. 1 H) 

Synthesis Example 180 

20 

4-[2-f5-(3-Ruoro-4-5.7-trimethvlben20furan-2-Yl )pvrrolvinbenzoicacid 

[0278] The title conpound was obtained by the same procedure as the one of Synthesis Example 1 . 

25 iH-NMR(DMSO-d6.400MHz) 5 ; 2.26{s.3H).2.43(s.3H).2.45(s.3H). 6.61-6.65(m.1H).6.88-6.90(m,1H).6.97- 
7.00(m,1 H).7.93(s,4H). 1 1 .84(brs.1 H) 

Synthesis Example 181 

30 4-[2-f5-f3-ChlGro-4.5.7-trimeth vlbenzofuran-2-vnDvrrolvinbenzQicacid 

[0279] The title conpound was obtained by the same procedure as the one of Synthesis Example 1 . 

^H-NMR(DMSO<l6.400MHz) 5 ; 2.27(s.3H).2.50{s.3H).2.57(s.3H). 6.89-6.92(m.1H).8.94-6.97(m.1H).6.98- 
35 7.00(m.1H),7.94(s.4H). 11.85(bre,1H) 

Synthesis Example 182 

4-y2-f5-f3-Bromo-4.5.7-tr imethvlben2ofuran-2-vl)PvrrolvlllbenzoicaciC< 

40 

[0280] The title compound was obtained by the same procedure as the one of Synthesis Example 1 . 

^H-NMR(DMSO<l6.400MH2) 6 ; 2.27(s.3H),2.50(s,3H).2.61(8.3H). 6.88^.91 (m.1H), 6.98-7.00(m.1 H),7.04- 
7.07(m.1H).7.94{s,4H), 11.85(brs.1H) 

45 

Synthesis Example 183 

4.r2.f5-f5-Fluoro-4-methvlben20furan-2-Ynpyn-QlYl)1ben20ic^ cid 

50 [0281 ] The title conpound was obtained by the same procedure as the one of Synthesis Example 1 . 

1H.NMR(DMSOK16.400MH2) 6 ; 2.40(s.3H).6.72.6.75(m.1H). 6.83- 

6.86(m.1H).7.04(dd.1H.J=9.2,9.6Hz).7.29(s.1H). 7.39(dd.1H,J=3.6.8.4H2)J.90(d.2H.J=8.4Hz). 
7.95{d.2H, J=8.4Hz) . 1 1 .93(brs, 1 H) 
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Synthesis Exanple 184 

[0282] The title compound was obtained by the same procedure as the one of Synthesis Example 1 . 

^H-NMR(DMSO<l6.400MH2) 6 ; 3.24(s.3H).3.39(8.3H), 6.73-6.75{m.1H),6.84-6.86(m.1H) J.12(s.1H).7.27{s.1H), 

7.88- 7.90(d.2H.J=8.8Hz),7.94-7.96(d.2H.J=8.8Hz), 1 1 .59(brs,1 H) 

Synthesis Example 185 

4-f245^5^hloro-3-fluon>4.7Kjtmethviben20furan-2-vnDvrroM)]ben2oic acid 

[0283] The title compound was obtained tjy the same procedure as the one of Synthesis Exarrple 1 . 

^H-NMR(DMSO-d6.400MHz) 5 ; 2.49(s,3H).2.54(s.3H), 6.68-6.69(m.1H),6.91-6.92(m,1H)J.26(s.1H)7.94(s.4H). 
11.59(brs,1H) 

Synthesis Example 186 

4-r245-f3-Bromo-5-chloro-4.7-dimethvlben2ofuran'2-yl)pvrrolyl)]ben20ic add 

[0284] The title compound was obtained by the same procedure as the one of Synthesis Example 1 . 

iH-NMR(DMSO-d6,400MH2) 6 ; 2.53(s.3H),2.73(s.3H). 6.91 -6.92(m,1H), 7.1 0-7. 11(m,1H).7.27(s.1H).7.95(s,4H), 
11.59(brs,1H) 

Synthesis Example 187 

[0285] The title compound was obtained by the same procedure as the one of Synthesis Example 1 . 

^H-NMR(DMSO<l6.400MHz) 6 ; 2.52(s.3H),2.62(s.3H).3.29(s.3H), 6.61-6.62(m,1H).6.86-6.88(m.1H),7.15(s,1H). 

7.89- 7.91(d.2H,J=8.8Hz),7.92-7.94(d.2H,J=8.8H2), 1 1.56(brs.1H) 

Synthesis Example 188 

4-[2-{5-(5-Chiorp-4-piethy|t?en2Qfiiran-g-yDpyrrolyQfe^^ 

[0286] The title compound was obtained by the same procedure as the one of Synthesis Example 1 . 

^H-NMR(DMSO<J6.400MH2) 6 ; 2.48(s.3H).6.75-6.76(m,1H). 6.84-6.86(m.1H),7.12(d.1H.J=1.2Hz)7.17(s.1H). 
7.54(d,1H.J=1.6Hz).7.88-7.96{m.4H),11.90(S.1H). 12.80(brB,1H) 

Synthesis Example 189 

4-r245-f7-Chloro-5-fluorD-4-DrDPvlbenzofuran-2>vltovrrolvlMben2oicad^ 

[0287] The title compound was obtained by the same procedure as the one of Synthesis Example 1 . 

^H-NMR(DMSO-d6.400MHz) 6 ; 0.94{t3H,J=7.2Hz). 1.66{q.2H.J»7.2Hz),2.78(t2H,J=7.2H2),6.74-6.77{m.1H). 
6.82-6.85(mJH)7.29(d.1H.J=10.0H2)J.41{8jH),7.87(d.2HJr:8.4H2)7.95(d.2H.Jo8.4H2).11.9 



51 



EP0 930 075A1 

Synthesis Example 190 

4-f2-f5-(5-Fluoro-6-methvlbenzofuran-2-vl)t3vrrol yl}1benzoic acid 
5 [0288] The title conpound was obtained by the same procedure as the one of Syn -«sis Example 1 . 

1H-NMR(DMSOkJ6.400MH2) 6 ; 2.31(s.3H).6.68-6.72(m.1H). 6.82.6.85(m,1H).7.l5{s,1H)7.40{d.1H.J=10.0H2). 
7.47(d.1 H.J=6.4Hz).7.88(d.2H.J=8.4Hz).7.94(d.2H.J=8.4Hz). 1 1 .90(brs. 1 H) 

10 Synthesis Example 191 

4-f2-{5-(5 7-Dlfluorobenzufuran-2-vl) pYiTolYl}^benzoic add 

[0289] The title compound was obtained by the same procedure as the one of Synthesis Example 1 . 

1H-NMR(DMS0^6.400MH2) 8 : 6.78-6.81 (m.1H).6.85-6.88(m.1H), 7.18- 

7.25(m,1H),7.29(d,1H.J=3.2Hz),7.37(dd.1H.J=2.4.8.4Hz), 7.89{d.2H,J=8.4Hz),7.95(d.2H,J=8.8Hz),12.02(brs.1H) 

Synthesis Example 192 

20 

4-r2-l5-r4-Ethvl-5-fluorobenzofuran-2- vnpvrrQlvfnbenzoicacid 

[0290] The title corrpound was obtained by the same procedure as the one of Synthesis Example 1 . 

25 iH-NMR(DMSO<l6.400MHz) 8 ; 1.25(t.3H.j37.6Hz), 2.80-2.88(m.2H).6.72.6.75(m,1H),6.83-6.86(m.1H). 7.00- 
7.06(m.1H).7.33(s.1H),7.38-7.42(m,1H). 7.89{d.2H,J=8.8Hz).7.95(d,2H,J=8.8Hz),11.91(brs.1H) 

Synthesis Example 193 

30 4-f2-{5-f5-ChlorQ-7-ethvl-3-fluQrobenzofuran-2-vnDvrroMnbenzQicacid 

[0291 1 The title compound was obtained by the same procedure as the one of Synthesis Example 1 . 

lH-NMR(DMSO-d6.400MHz) 6 : 1.32(t.3H.J=7.6Hz). 2.69(q.2H,J=7.6Hz),6.69-6.72(m.1H).6.90-6.93{m.1H). 7.26- 
35 7.28(m.1 H).7.54-7.57(m,1 H).7.90-7.96(m.4H). 1 1 .95{brs.1H) 

Synthesis Example 194 

4-f2-(5-f5-Chloro-7-methNrimethvlenediaxvrnBth ylben2ofuran-2-vltovn-Qlvl>fe 

40 

[0292] The trtle compound was obtained by the same procedure as the one of Synthesis Example 1 . 

lH-NMR(DMSO^6.400MHz) 5 : 3.36(s.3H).4.74(s,2H).4.85(6,2H), 6.74.6.75(m.1H).6.8M.87(m.1H).7.22{s.1H). 
7.25(d,1HJ=2Hz).7.69(d.1H.J=2Hz).7.88(d.2H.J=8.4Hz). 7.95(d.2H.J«=8.4Hz).11.93(brs.1H) 

45 

Synthesis Example 195 

4.[2-l5-r5-Chloro-7-nitrv lbenzofuran-2-vftcvrrolYinbenzoic acid 

50 [0293] The title corrpound was obtained by the same procedure as the one of Synthesis Example 1 . 

1H-NMR(DMSO<16.400MHZ) 6 : 6.87-6.88{m.1H).6.92-6.93(m.1H). 

7.26(s,1H).7.64{s.1H).7.89(d,2H.J=8.4Hz).7.92(s.1H). 8.00(d.2H.J=a4Hz).12.09(brs.1H) Synthesis Example 196 

55 4-[2-f5-f7-Chloro-4-ethvl-5-flu Qrobenzofuran-2-vl^pvrrolv»1benzoicacid 

[02941 The title conpound was obtained by the same procedure as the one of Synthesis Example 1 . 
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^H-NMR(DMSad6.400MHz) 5 : 1.22(t3H.J=7.2H2), 2.81(q.2H.J=7.2Hz).676-6.79(m,1H).6.86^.89(mJH). 
7.30(d.1H,J=10.0Hz).7.42(B,1H).7.90{d.2H,J=8.4Hz). 7.96(d.2H,J=8.4Hz).1 1.96(8.1 H),12.84(br6.1H) 



1 . A method for preventing, inhibiting or treating graft-versus-host disease or graft rejection reactions in organ trans- 
plantation by adnninistering an efficacious anx)unt of a retinoic add receptor (RAR) agonist to a patient 

2. The method as claimed In Claim 1 , wherein the retinoic add rec^>tor (RAR) agonist is a retinoic acid receptor sut)- 
type a (RARa) agonist. 

3. TTie method as claimed in Claim 1 . wherein a retinoic add receptor (RAR) agonist selected from the group consist- 
ing of the following ones is used as the active ingredient: 

1) fused-ring cart>oxylic acid derivatives represented by the following formula (I): 



wherein the rings L and M, which have been fused, are the same as or different from each other and represent 
an optionally substituted aromatic hydrocartion ring or an optionally substituted heterocycie; the rings A and B 
independentiy represent each an optionally substituted aromatic hydrocarbon ring or a heterocycie; and D rep- 
resents optionally protected cartx)xy; 

2) heterocyclic cartx}xylic acid derivatives represented by the following formula (II) disdosed in JP-A 9-71 ,566: 



Claims 




0 
II 

A-B— (D)bj— C"M 



wherein A represents a group represented by the following formula: 
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wherein to R^, R^® to R^^ and R^° to R^^ are the same as or different from each other and represent 
hydrogen, halogeno, lower alky! or optionally substituted phenyl; and — represents either a single txxid 
or a double bond; 

B represents optionally substituted heteroarylene, optionally substituted arylene. a group represented by 

the formula -CONH- or a group represented by the formula -CR®=CR^- (wherein R® and R^ are the same 

as or different from each other and represent hydrogen, lower alkyl or halogeno); 

D represents optionally substituted arylene, optionally substituted heteroarylene or a group represented 

by the formula -CR®=CR^- (wherein R® and R^ are each as defined above): 

n-i represents 0 or 1 ; and 
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M represents hydroxy, Icwer alkoxy or a group represented by the formula -NR^^R^^ (wherein R^® and R^^ 
are the same as or different from each other and represent hydrogen, hydroxy, lower alkyl, hydroxyalkyl, 
aryl or heteroaryl. or 

R^® and R''^ may fomfi a ring with the nitrogen atom to which they are Iwnded. and the ring may optionally 
contain oxygen or sulfur; 

3) 4-[(5,6,7,8-tetrahydro-5,5,8,8-tetramethylnaphthalen-2-yl)pynrolyI]benzoic acid, 4-[(5,6,7,8-tetrahydro- 
5,5.8,8-tetramethyfnaphthalen-2-yl)furanyl)benzoic add, 4-[(5,6.7,8-tetrahydro-5,5,8,8-tetramethylnaphthalen- 
2- yl)thiophenyl]benzoic acid or 4-[(5.6,7,8-t6trahydro-5,5,8,8-tetramethylnaphthaten-2-yi]pyrazolylIbenzoic 
acid disclosed in JP-A 2-240058; 

4) 3,4-dihydro-2H-1-benzopyranylpropenytbenzoic acid derivatives, 3,4-dihydro-2H-1-benzothiopyranylprope- 
nylbenzoic acid derivatives, 1,2,3.4-tetrahydroquinolinytpropenytbenzoic acid derivatives. (3,4<dlhydro-2H-1- 
benzopyrancarboxamido)benzoic acid derivatives, (3.4<lihydro-2H*1-benzothiopyrancartx}xamido}benzoic 
acid derivatives or (1,2,3.4-tetFahydroquinoIinecarboxamido)benzoic acid derivatives disclosed in JP-A 2- 
76862; 

5) 3,4-dihydro-2H-1-benzopyranylacetylene derivatives, 3,4-dihydro-2H-1-benzothiopyranytacetylene deriva- 
tives or 1 ,2,3,4-tetrahydroquinolinylacetyl6ne derivatives disclosed in JP-A 63-255277; 

6) tetrahydronaphthylpropenylphenol derivatives disclosed in JP-A 62-267245; 

7) phenylpdyene derivatives disclosed in JP-A-49-126637; and 

8) all-trans-retinoic acid. 

The method as claimed in Claim 1 . wherein a retinoic add receptor (RAR) agonist selected from tiie group consist- 
ing of the following ones is used as the active ingredient: 

1) fused-ring cartDOxylic acid derivatives represented by the following formula (1): 



represents naphtiiyl, benzofuranyl or benzothiophenyl substituted by lower alkyl, halogena haloQower alkyO or 
a combination thereof; A represents pyrrole; B represents benzene; and D represents optionally protected car- 
boxy; and 

2) heterocydic cartx>xylic acid derivatives represented by the following formula (II): 



wherein B represents pyrrolylene or pyrazolytene; n^ represents 1 ; and A, D and M are each as defined above. 
The method as claimed in Claim 1 , wherein a retinoic add receptor (RAR) agonist selected from the group consist- 




wherein 




0 
II 

A-B— (D),i— C-M 
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ing of the following ones is used as the active ingredient: 

1) 4-{2-[5-(5,8-dimethyInaphthalen-2-yi)pyrTOlyQ}benzoic acid; 

2) 4-{2-[5-(8-methylnaphthalen-2-yOpyrrolyl]}benzoic acid; 
5 3) 4-f2-I5-(8-ethytnaphthalen-2-yI)pyrrolyl]'benzoic acid; 

4) ^ y'-(5-{8-isoprop/lnaphthalen-2-yl)pyn'oiylD-t>enzoicacid; 

5) ';~[5-(8-naphthalen-2-yI)pyrroly()}benzoic acid; 

6) 2-[5-{8-phenylnaphthalen-2-yl)pyrroIyO}benzolcacid; 

7) 4-{2-[5-(47-dimethylbenzofuran-2-yl)pyrrolyl])ben2oic acid; 
10 8) 4^2-[5-{4,7-dichlorobenzofuran-2-yl)py^'olyl]}benzoic acid; 

9) 4H2-I5-(5-chloro-7-ethylbenzofuran-2-yf)Ryrrolyl]lbenzoic acid; 

10) 4-{2-[5-(4.7-dimcthylbenzothiophen-2-yl))pyiTolyl]}benzoic acid; 

1 1) 4-{2-{5-[2-(5,67,8-tetrahydro-5,53.8-tetraniethylquinoxaly1)pynrolylI}b^ add; 

12) 4-{2-{5-[3-(1-tei1-butyl-5-isopropylpyrazclyl)pyrrolyl]}benzoic add; 

15 1 3) 444-{2-[2-(5.6 J.8-tetrahydro-5.5,8.8-tetramethylqulnQxalyI)furyl]}benzoic acid; 

14) 4-{2-{5-[2-5,6-diisopropylpyrazinyi]}pyrrolyl}benzoic acid; 

15) 4-{2-{5-[2-(5,5.7,7-tetramethylcydopGnta[blpyrazinyOlpyrrolyl)}-benzoic acid; 

1 6) 4-{2-{5-p-(1 ,5.5-trjmethyl-2.3,4,5-tetrahydro-1 H-benzazeplnyl)]pyrrolyl)ben2oic add; 

1 7) 4-{2-[5-(5.67.8-tetrahydro-5,5.8.8-tetraniethylnaphthalen-2-yl)pyrrolyl)benzoic acid; 
20 18) 9-(4-metho)cy-2,3,6-trimelhylphenyl)-73<liniethyl-nona-2,4.6,8-tetraen-1-oic add; 

1 9) 4-[(E)-2-(5,6 J,8-tetrahydro-5.5,8,8-tetramethylnaphthalen-2-yl)propenyl]benzoic acid; 

20) 4-{2-[5-(3-fluoro-4.7-dimethyibenzofuran-2-yl)pyrroyl]}benzoic add: 

21) 4-{2-[5-(7-ethyl-4-methyibenzofuran-2-yl)pyrrolyII)benzoic acid; 

22) 4-{2-[5-(7-fluoro-4-tr(fluoromethylbenzofuran-2-yl)pyrroyI]}benzoic acid; 
25 23) 6-[2-(4.4-dimethytthiochroman-6-yl)6thynyl]nicotinic acid; and 

24) all-trans-retlnoic acid. 

6. The method as claimed in Claim 1 , wherein a retinoic add receptor (RAR) agonist selected from the group consist- 
ing of the following ones is used as the active ingredient: 

30 

1) 4-{2-[5-{5.8-dimethylnaphthalen-2-yl)pyrrolyl]}benzoic acid; 

2) 4-{2-[5-(8-methylnaphthalen-2-yl)pyrrolyll}benzoic acid; 

3) 4-{2-[5-(8-ethylnaphthalen-2-yl)pyn'olyq}benzoic acid; 

4) 4-{2-[5-(8-isopropylnaphthalen-2-yl)pyn'olyl]}-benzoic acid; 
35 5) 4-i2-I5-(8-naphthalen-2-yl)pyrrolyl])benzoic acid; 

6) 4-{2-[5-(8-phenylnaphthalen-2-yi)pyrrolyll}benzoic acid; 

7) 4-{2-[5-(4,7-dimethylbenzofuran-2-yl)pyrrolyI])benzoic acid; 

8) 4-{2-[5-(4.7-dichlorobenzofuran-2-yl)pyrroly!l}benzoic add; 

9) 4-{2-[5-(5-chloro-7-ethylbenzofuran-2-yl)pyrrolyl]}benzoic acid; 
40 10) 4-{2-[5-(4,7-dimethyIbenzothiophen-2-yi))pyrrolyO}benzoic acid; 

11) 4-{2-[5-(3-fluoro-4.7-dimethyibenzofuran-2-yl)pyrrolyl]lbenzoic acid; 

12) 4-{2-[5-(7-ethyl-4-methylbenzofuran-2-yl)pyrrolyIl)benzoic acid; and 

13) 4-{2-[5-(7-fluoro-4-trifluoromethytoenzofuran-2-yl)pyrrolyl]}benzoic add. 

45 7. The method as claimed in Claim 1 , wherein a retinoic add receptor (RAR) agonist selected from the group consist- 
ing of the following ones is used as the active ingredient: 



1) 4-{2-[5-(4,7<limethylbenzofuran-2-yOpyrrolyll}benzoic acid; 

2) 4-{2-[5-(5-chloro-7-ethylbenzofuran-2-yO)pyrrolyll}benzoic add; 
50 3) 4-i2-[5-(4,7-dimethy!benzothiophen-2-yl)pyrrolyq}benzoic add; 

4) 4-{2-[5-(3-f luoro-4,7-dimethylbenzofuran-2-yl)pyrrolyl]}benzoic add; 

5) 4-{2-[5-(7-ethyl-4-melhylbenzofuran-2-yOpyrroIyll}benzoic acid; and 

6) 4-{2-[5-(7-f luoro-4-trrfluoromethyibenzofuran-2-yl)pyrroiyl]}benzoic add. 

55 8. Use of the retinoic acid receptor (RAR) agonists as claimed in Oaim 1 in produdng drugs for preventing, inhibiting 
or treating gratt-versus-host disease or graft rejection reactions in organ transplantation. 

9. Preventives and remedies for grafl-versus-host disease and graft rejection reactions In organ transplantation which 
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conprise the retinoic acid receptor (RAR) agonists as claimed in Claim 1 as the active ingredient 

<} 

5 

10 

IS 

20 

25 

30 

35 

40 

45 

50 



57 



EP0930075A1 



Fig. 1 
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